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(dimenhydrinate) 


For the prevention and treatment of the nausea, 
Supposicones' vomiting or vertigo of motion sickness. 


Ampuls for I.M. and I.V. use Warning: Cauti Mu De SS 
Ge DB Vials for LM. and LV. use rning: Caution should be used when Dramamine is given in conjunction with certain. 
-— T a antibiotics which may cause ototoxicity, since Dramamine is capable of masking ototoxic 
ÀDM Liquid symptoms and an irreversible state may be reached. 

Tablets Precautions and Adverse Reactions: Drowsiness may be experienced by some patients, 
especially on high dosage, although this action frequently is not undesirable in some con- 
ditions for which the drug is used. However, because of possible drowsiness patients taking 
Dramamine should be cautioned against operating automobiles or dangerous machinery. 
How Supplied: Scored yellow tablets of 50 mg. each; bottles of 100, 1,000 and 2,500, 
packets of 12 tablets, and boxes of 10 cartons, each carton containing 100 unit-dose 
individually blister-sealed tablets. 

Liquid, 12.5 mg. of dimenhydrinate per 4 ml.; bottles of 16 oz. 

Supposicones* of 100 mg.; boxes of 12 and twelve boxes of 12. 

Ampuls, constricted, 1 ml. (50 mg.); cartons of 5, 25, and 100. 

Vials, rubber-capped, serum type, 5 ml. (250 mg.); cartons of 5, 25, and 100. 


SEARLE | Searle Laboratories 
Division of G. D. Searle & Co. 


Box 5110, Chicago, Illinois 60680 
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* the prompt, broad-spectrum action 
` of BETADINE Microbicides 
provides topical antiseptic security. 


BETADINE Surgical Scrub, for 
scrubbing by the surgical team and 
for optimal skin degerming in 
prepping the patient...promptly 
achieves full microbicidal effect with 
each usage...(in the rare instance 
of local irritation or sensitivity, 
discontinue use in the individual). 


BETADINE Solution or BETADINE 
Aerosol Spray, to enhance antisepsis 
in prepping after initial use of 
| BETADINE Surgical Scrub. BETADINE 
$ Solution and BETADINE Aerosol Spray 
are film-forming...activeinthe presence 
of blood, pus and serum...help 
maintain postoperative antisepsis when 
applied to incisions. 


Purdue Frederick 
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.Sewingupthe > 
problem of postop- 


emesis 


Emete-con (benzquinamide HC!) effectively 

controls the problem of postoperative emesis — 

often within 15 minutes after administration. 

A chemically unique, non-phenothiazine 

antiemetic, Emete-con has been shown to be 

ù equivalent in efficacy to prochlorperazine and 

- significantly more effective than thiethylperazine 

in double-blind studies? It is well-tolerated; 
drowsiness appears to be the most common side 
effect* Moreover, Emete-con does not charac- 
teristically cause respiratory depression or 
potentiate CNS depressants.’ 
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BRIEF SUMMARY OF PRESCRIBING INFORMATION 
EMETE-CON® (benzquinamide HCl) IM/IV 
CONTRAINDICATIONS. Contraindicated in individuals who have 
demonstrated hypersensitivity to the drug. 

WARNINGS. Use in Pregnancy. No teratogenic effects of benzquina- 

mide were demonstrated in reproduction studies in chick embryos, 

mice, rats and rabbits. The relevance of these data to the human is not 
known. However, safe use of this drug in pregnancy has not been 
established and its use in pregnancy is not recommended. 

Use in Children. As the data available at present are insufficient 
to establish proper dosage in children, use in children is not ° 
recommended. 

Intravenous use. Sudden increase in blood pressure and transient 
arrhythmias (premature ventricular and auricular contractions) 
have been reported following intravenous administration of benz- 
quinamide. Until a more predictable pattern of the effect of intra- 
venous benzquinamide has been established, the intramuscular 
route of administration is considered preferabie. The intravenous 
route should be restricted to patients without cardiovascular disease 
and receiving no pre-anesthetic and/or concomitant cardiovascu- 
lar drugs. 

PRECAUTIONS. Benzquinamide, like other antiemetics, may mask 

signs of overdosage of toxic drugs or may obscure diagnosis of such 

conditions as intestinal obstruction and brain tumor. 

ADVERSE REACTIONS. Drowsiness appears to be the most com- 

mon reaction. One case of pronounced allergic reaction has been 

encountered, characterized by pyrexia and urticaria. 

System Affected 
Autonomic Nervous System: Dry mouth, shivering, sweating, 

hiccoughs, flushing, salivation, blurred vision. 

Cardiovascular System: Hypertension, hypotension, dizziness, 
atrial fibrillation, premature auricular and ventricular contractions. 

Central Nervous System: Drowsiness, insomnia, restlessness, 
headache, excitement, nervousness. 

Gastrointestinal System: Anorexia, nausea. 

Musculoskeletal System: Twitching, shaking/tremors, weakness. 

Skin: Hives/rash. 

Other Systems: Fatigue, chills, increased temperature. 
OVERDOSAGE. Manifestations: On the basis of acute animal toxi- 
cology studies, gross Emete-con overdosage in humans might be 
expected to manifest itself as a combination of Central Nervous 
System stimulant and depressant effects. This speculation is derived 
from experimental studies in which intravenous doses of benz- 
quinamide, at least 150 times the human therapeutic dose, were 
administered to dogs. 

Treatment: There is no specific antidote for Emete-con overdosage. 
General supportive measures should be instituted, as indicated. 
Atropine may be helpful. Although there has been no direct experi- 
ence with dialysis, it is not likely to be of value, since benzquinamide . 
is extensively bound to plasma protein. 

CAUTION. Federal law prohibits dispensing without prescription. 
More detailed professional information available on request. 

REFERENCES: 

1. Zauder, H. L., et al.: Prophylaxis of postoperative emesis. Scien- 
tific Exhibit presented at 122nd Annual Convention of the Ameri- 
can Medical Association, New York, June 23-27, 1973. 

2. Lutz, H., and Immich, H.: Curr. Ther. Res. /4:178, April, 1975. 


3. Steen, S. N., and Yates, M.: Anesthesiology 36:519, May, 1972.. 
* Please see brief summary for ROORIG a à 
contraindications and other 
reported adverse reactions. 
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against topical infections 
of skin, wounds, burns 


BETADINE® Ointment provides 

A .. prompt, prolonged broad-spectrum 
microbicidal activity against organ- 
isms commonly encountered in skin 
and wound infections. It is not greasy 
or sticky, and is virtually nonirritating 
to skin and mucosa. It does not stain 
skin and natural fabrics, does not 
block air, and the site of application 
may be bandaged. 


BETADINE Ointment Packette 1⁄2 oz. 
and ¥4 oz., disposable packettes for de- 
germing small skin areas, as in hyper- 
alimentation, catheter care, umbilical 
area care or circumcision. 


BETADINE Ointment 1 oz. tube, for 
treating common skin infections and to 
help prevent infection in abrasions, 

«4. lacerations and burns. 


BETADINE Ointment 1 Ib. and 5 Ib. jar, for 
anti-infective treatment of the burn wound 
or infected stasis ulcers...for extensive 

skin areas...or for prolonged application. 


Purdue Frederick 
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Foremost documented 
Dy, broad-spectrum topical 
w mitrobicidol action 
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Additional information available to the profession on request. 


ily and Company * Indianapolis, Indiana 46206 
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" ..in considering the nutritional 
support of a patient, we follow the rule 
that if the intestine works, use it^" 


Why risk the possibility of trauma and septic complications of 
parenteral hyperalimentation? when enteral feeding with Vivonex 
HN can be just as effective —at half the cost and with virtual 
elimination of these risks? Vivonex HN can usually be absorbed 
with less than 100 cm of functioning jejunum. Like the usual 
A. parenteral hyperalimentation formulas, Vivonex HN supplies the 
optimum nitrogen/calorie ratio of 1 gm N/150 kcal. 

Vivonex HN flows without clogging through 16-gauge 
catheter tubing as well as standard #5 and #8 French feeding 
tubes. It may be administered via enteral catheter (nasogastric, 
gastrostomy, or jejunostomy). Its low fat content assures fast 
stomach emptying...reduces the possibility of regurgitation and 
aspiration. It is almost completely absorbed with negligible 
residue. 

Vivonex HN may also be used as an adjunct to routine 
parenteral glucose and fluid in the nutritional management of 
protein-calorie malnutrition, in patients with GI disorders, and 
to fortify clear liquid regimens. 


“Kaminski MV. Jr: Enteral Hyperalimentation. Surg Gynecol Obstet 143: 12-16, 1976 


The enteral alternative 
to total parenteral nutrition 


® HIGH __ 
NITROGEN 
SOLUBLE 
POWDER 


free amino acid...complete enteral nutrition 
minimal digestion... maximal absorption 


Supplied unflavored in boxes containing ten 80-gram packets. 
Each packet provides 300 kcal. Ten packets provide 3,000 kcal, 
20 gm usable nitrogen (125 gm usable protein), and a full days. 
balanced nutrition. i 


Please note: Information on Vivonex usage and precautions accompanies the product and 
should be reviewed before use. 


® Originators of chemically defined diets 
EATON LABORATORIES 

division of Morton-Norwich Products, Inc. 
Norwich, New York 13815 
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Unsurpassed antiemetic action helps restore 
normal digestive function so postoperative 
recovery can proceed smoothly. 


^| dosage forms and strengths permit easy 


¥ administration by parenteral, rectal or oral 


} 


X 


EN. 


routes. 


'Compazine' is contraindicated in pediatric 
surgery and in greatly depressed states due to 
C.N.S. depressants. 


The possibility of postoperative aspiration of 
vomitus should be borne in mind. 


Before prescribing, see complete prescribing 
information in SK&F literature or PDR. The 
following is a brief summary. 


Indications 
Based on a review of this drug by the National Academy of 
Sciences—National Research Council and/or other infor- 
mation, FDA has classified the indications as follows: 
Effective: To control severe nausea and vomiting. For the 
management of the manifestations of psychotic disorders. 
Possibly effective: To control excessive anxiety, tension and 


agitation as seen in neuroses or associated with somatic 
conditions. 

‘Compazine’ has not been shown effective in the manage- 
ment of behavioral complications in patients with mental 
retardation. 

Final classification of the less-than-effective indications 
requires further investigation. 


Contraindications: Comatose or greatly depressed states due 
to C.N.S. depressants; bone marrow depression; pediatric 
surgery 


Warnings: Avoid using in patients hypersensitive (e.g., blood 
dyscrasias or jaundice) to any phenothiazine. Caution pa- 
tients about activities requiring alertness (e.g, operating 
vehicles or machinery) especially during the first few days 
therapy. Prochlorperazine may intensify or prolong the action 
of other C.N.S. depressants. Not recommended for children 
under 20 pounds or 2 years of age. 


Use in pregnancy only when potential benefits outweigh 
hazards 
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smith Kline & French Laboratories SK&F 
Rivision of SmithKline Corp., Phila., Pa. 19101 





Precautions: Antiemetic effect may mask toxic drug over- 
dosage or physical disorders. Postoperative aspiration of 
vomitus has occured in a few surgical patients who received 
prochlorperazine as an antiemetic. Deep sleep and coma 
have been reported, usually with overdosage. In children with 
acute illnesses or dehydration, use only under close super- 
vision. 

Adverse Reactions: Drowsiness, dizziness, amenorrhea, blurred 
vision, skin reactions. Hypotension. Cholestatic jaundice, leuko- 
penia, agranulocytosis. Fatty changes in the liver have been 
observed in a few patients who died while receiving the drug 
(no causal relationship has been established). Neuromuscular 
(extrapyramidal) reactions: motor restlessness, dystonias, 
pseudo-parkinsonism, persistent tardive dyskinesia. Contact 
dermatitis is a possibility with concentrate and injectable forms. 


Other adverse reactions reported with Compazine (prochlorper- 
azine, SK&F) or other phenothiazines: Some adverse effects 
are more frequent or intense in specific disorders (e.g., severe 
hypotension in mitral insufficiency or pheochromocytoma). 


Grand mal convulsions; altered cerebrospinal fluid proteins, 
cerebral edema; prolongation and intensification of the action 
of C.N.S. depressants, atropine, heat and organophosphorus 
insecticides; dryness of mouth, nasal congestion, headache, 
nausea, constipation, obstipation, adynamic ileus, inhibition 
of ejaculation; reactivation of psychotic processes, catatonic- 
like states; hypotension (sometimes fatal); cardiac arrest; 
pancytopenia, thrombocytopenic purpura, eosinophilia; 
biliary stasis; lactation, galactorhea, gynecomastia, menstrual 
irregularities, false positive pregnancy tests; photosensitivity, 
itching, erythema, urticaria, eczema up to exfoliative dermatitis: 
asthma, laryngeal edema; angioneurotic edema, anaphy- 
lactoid reactions; peripheral edema; reversed epinephrine 
effect; hyperpyrexia; a systemic lupus erythematosus-like 
syndrome; pigmentary retinopathy; with prolonged administra- 
tion of substantial doses, skin pigmentation, epithelial keratop- 
athy, and lenticular and comeal deposits. 


EKG changes have been reported, but relationship to 
myocardial damage is not confirmed. Discontinue long-term, 
high-dose therapy gradually. 


NOTE: Sudden death in patients taking phenothiazines (ap- 
parently due to cardiac arrest or asphyxia due fo failure of 

cough reflex) has been reported, but no causal relationship 
has been established. 


Supplied: Tablets —5, 10 and 25* mg., in bottles of 100; 
Spansule® capsules —10, 15, 30 and 75* mg., in bottles of 50; 
Injection—5 mg./ml.; Suppositories—2-1/2, 5 and 25 mg.; 
Syrup —5 mg./5 ml.; Concentrate (intended for institutional 
use only)—10 mg./ml.; Single Unit Packages of 100 (intended 
for institutional use only)—5 and 10 mg. tablets; 10, 45 and 
30 mg. Spansule' capsules. 

*For severe neuropsychiatric conditions. 
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* -ANNALS OF SURGERY is a monthly journal which 


. considers for publication original articles in the 


field of surgery. It is the oldest continuously pub- 
lished journal in the English language solely 
devoted to the surgical sciences. The Editorial 
Board considers only papers judged to offer sig- 
nificant contributions to the advancement of 
surgical knowledge. 


CONTRIBUTIONS. Four typed copies of the 
manuscript and four copies of the illustrations 
should be sent prepaid to the Chairman of the 
Editorial Board of ANNALS OF SURGERY: 

David C. Sabiston, Jr., M.D. 
Annals of Surgery 
Department of Surgery 
Duke University Medical Center 
Durham, North Carolina 27710 


Manuscripts and references should be typed 
double spaced on one side of 8% x 11 paper 
leaving wide margins. Authors should retain a 
complete copy of the manuscript including illus- 
trations in the event that the manuscripts are lost 
in the mail. A complete address for reprint re- 
quests should be included on the title page to- 
gether with the name of the institution from 
which the work is being published. 

An abstract of not more than 200 words should 
be placed at the beginning of the manuscript. It 
should accurately reflect the paper and provide 
readers with a reliable impression of the contents 
and conclusions of the work. 

Digits one to ten should be spelled out, ex- 
cept when used for units of measurement (time, 
weight, volume, dosage, degrees) percentage, or 
when decimals are involved; for numbers above 
ten, numerals should be used. Dorland's Medical 
Dictionar? and Webster's International Diction- 
ary may be used as standard references. Scientific 
names for drugs should be used when possible. 
Copyright or trade names of drugs should be cap- 


italized. Units of measurement should be ex- 


. pressed in the metric system. Temperature should 


be expressed in degrees centigrade. All contribu- 
tions should be submitted in English. 

Black and white illustrations will be repro- 
duced free of charge, but the publisher reserves 
the right to establish a reasonable limit upon 
the number supplied. Color illustrations will be 


Notice to Contributors and Subscribers 


published at the author's expense. Black and 
white photographs should be in the form of glossy 
prints. Line and wash drawings should be black 
on white paper, with lettering in black india ink 
or transfer lettering, large enough to be readable 
after necessary reduction. Large or bulky illustra- 
tions should be accompanied by smaller glossy 
reproductions of the same. Illustrations should be 
numbered, the tops indicated, and the author's 
name and the title of the article in brief appear 
on the back. A separate typewritten sheet of 
legends for the illustrations should be supplied. 
. An alphabetical list of numbered references 
should appear at the end of the manuscript with 
corresponding numbers in the text. All references 
should be specifically mentioned in the body of 
the manuscript. The list of references should be 
selective with not more than 20 references except 
under unusual circumstances. References should 
conform to the style of the Index Medicus. 


McNamara, J. J., Molot, M. D. and Stremple, J.: Changes in 
Some Physical Properties of Stored Blood. Ann. Surg., 174:58, 
1971. 


PUBLISHERS NOTICES 


CHANGE oF Appnzss: Please allow 60 days be- 
fore date of issue for change of address. Notifica- 
tion should include the old as well as the new 
address, with indication of whether the change is 
temporary or permanent. Please give the name of 
the journal. 

Copies will not be replaced without charge 
unless we receive a request within 60 days of the 
mailing in the U. S. or within 90 days in all other 
countries. 


Business AppnEss: Subscriptions, reprints, ad- 
vertising, and all business communications should 
be addressed to: 


ANNALS OF SURGERY 
J. B. Lippincott Co. 
East Washington Square 
Philadelphia, Pa. 19105 


Published Monthly. Subscription Rates $25.00 per 
year in United States and possessions; all other 
countries $34.00. All prices include postage. Single 
issues $4.00. Rate for Residents, U.S. only, $19.00. 


The publishers accept no responsibility for 
opinions expressed by contributors. 


4 


pe 


NUROLON SUTURI 


The fine handling qualities of silk 
are in your hands with 
NUROLON Black Braided Nylon Suture. 


= Ties like silk, handles like silk, with Y 
the strength and low tissue | 


. reactivity of a synthetic. E T H 1 C C) NI 


*Trademark 








Total 
Parenteral Nutrition 





felines. 


Total or Supplemental 
Parenteral Nutrition 


Whenever IV nutritional support is indicated, 
total or supplemental, short-term or long-term, 





VIM. 


(Multi-Vitamin Infusion) 


Each 10 cc. ampul* or 5 cc. Concentrate vial 


provides: 

PONS acd (Goss atr niinc 500 mg. 
VIDUDIB WELL eni ate vi e A eiii 10,000 I.U. 
Vitamin D* (ergocalciferol)........................ 1,000 I.U. 
Thastnino HOB udi eo E iD SO REP Ee 50 mg. 
FHIBORNIBSEE. ormi 10 mg. 
Pyridoxine HCl (B). use citer rrr rho ia 15 mg. 
Niacinamide aie seco ria E 100 mg. 
DUNDBITDOPIOL s scio eap RED Rak Dira e initié 25 mg. 
Vitamin E* (dl-alpha tocopheryl acetate) ........ 5 1.U. 


*With sorethytan laurate 1%, sodium hydroxide 1%; 

and gentisic acid ethanolamide 2% as preservative. 
**With propylene glycol 30% as stabilizer and preser- 
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Manpower Goals in American Surgery 


^^ Implications for Residency Training. Future Surgical Manpower in the 
Framework of Total United States Physicians" 


Constraints on manpower are intrinsic in the establishment of 
standards of excellence. When such constraints are exerted by 
individual Boards, Societies, Colleges or Academies they should 
act to improve the quality of care; their weakness lies in their lack of 
control over non-members, or those who have failed to pass the 
examinations. Such manpower constraints become specific objec- 
tives or goals when the number of accredited specialists is 
specifically related to the size of the population served. Any such 
manpower planning must recognize the many uncertainties in the 
future of American medicine, and maintain wide elasticity in the 
planning process. Social and economic pressures render the 
consideration of specific manpower goals essential at this time. 
Data from the national surgical study (SOSSUS) make it possible to 
consider such goals. Manpower objectives for surgery or any other 
branch of medicine should be considered as a part of the total 
medical manpower outlook for the United States. 
Pressures to reduce the number of surgeons entering practice 
are notable at this time. These should be evaluated against other 
pressures to maintain or increase the number of hospital-based 
specialists in all fields as the total number of practitioners 
undergoes a major expansion over the next 25 years, and the 
pressure for speciality care is thereby increased. A reasonable 
balance between these two pressures would be a manpower goal for 
surgery that allowed a modest growth rate over the next 25—50 
years. An example of such is the goal of limiting surgical 


practitioner growth to a 1% increase in the ratio to population, .. 


every 5 years. This would be in sharp contrast to the continuous 
explosive growth of numbers of surgeons, since World War II. 


Submitted for publication February 10, 1976. 
* American Urological Association Lecture, delivered at San 


Francisco, Clinical Congress of the American College of Surgeons, . 


October 13, 1975. 


FRANCIS D. MOORE, M.D. 


From the Peter Bent Brigham Hospital and 
The Harvard Medical School, Boston, Massachusetts 


It is anticipated that Board Certification will be the basic 
credential for surgical practice over the coming decades and that 
the Board Certification rate is an accurate reflection of the effective 
residency completion rate. Although there are 30,000 physicians 
carrying out surgical operations without the established credential 
of the Boards, it appears that this number will decline over the 
coming years because of stricter hospital credentialling, public 
demand for qualified practitioners, and medico-legal pressures. 
Even without this cohort of unaccredited specialists, the total of 
64,000 Board Certified surgeons (with their trainees) constitutes 
a number of surgeons that appears adequate for the United 
States and is an adequate ratio to the population (about 30 
specialists —with trainees—per 100,000 population.) Were surgi- 
cal residency training levels to be maintained at their present 
numbers without constraint, there would be a continued steep 
increase in the number and ratio of surgeons. Achiewement of this 
modest growth goal of 1% increase in population ratio every 5 years 
will require a reduction in the number of physicians entering 
surgical residencies during the next 2 five-year periods. After that, 
as population catches up, residency levels would return to their 
present numbers. Enforcement.of-any-such residency constraints 
requirés strict hospital credentialling, limiting practice of the 
complicated hospital-based specialties, including surgery, to 
personnel whose capabilities are established by appropriate 
training and by the display of nationally acceptable documentation 
of examination. 

To implement any such manpower policy, a national data 
gathering agency is essential. This agency should acquire date from 
all of the UE boards annually and make upd data projections 
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for the population ratios, nationally. This agency should not 
‘become involved in regional predictions or other soft socio- 
economic.estimates. Foreign medical graduates are automatically 
included in these predictions, once they have passed the 
credentialling system. Data so gathered should then be made 
available to a national public agency that includes all the disciplines 
of medicine and includes lay representation. Such a national 
agency should provide general guidelines for enforcement of 
speciality residency limitations, acting through the residency 
review boards and the accreditation process. 

The record of the voluntary sector of American medicine and the 
implementation of policies in medical manpower, is far superior to 
that of government. The conclusion is offered that the voluntary 
sector should take a lead in this new regulatory function. Were 
such manpower policies and contraints to be implemented and 
enforced through a national voluntary agency, steps should be 
taken to avoid harassment from government agencies that consider 
any manpower limitations to be monopolistic or in restraint of 
practice. It is recognized that government has an ambivalent view 
inthis area, maintaining a strong pressure to reduce the number of 
surgeons while at the same time instituting legal obstacles against 
manpower restriction. Such federal harassment of manpower 
policy is lessened when the national agency is broad in its 
jurisdiction, and would be obviated completely were there to be an 
enabling directive from an appropriate branch of government. The 
establishment and implementation of manpower goals in surgery is 
an extremely important aspect of total national medical manpower 
policy at this time. 


OCIETY expects a high standard from those perform- 
S ing acts of special skill or hazard in public service. 
Such a standard is based on educational achievement, a 
period of tutelage to learn practical skills, beginning 
experience in practice, rigorous examination, and a visible 
credentialling system to document successful passage and 
proven capability for responsible professional work. 

Although most professions have accepted this public 
expectation, any professional standards so established 
constitute a limitation on manpower. Any system of 
professional credentials is thus a manpower policy. This 
applies to the American Boards in Medicine and Surgery 
as well as all their specialties, the American College of 
Surgeons, the several Colleges and Academies in other 
medical fields, as well as to the State and Regional 
Medical Societies. 

Such credential-restraints are not in themselves specific 
manpower objectives until the limitation is numerically 
related to the needs of the population served. At this time 
‘there is angirgent need to relate the number of surgeons 
who.enter practice and those in practice upon the 
completion of such training programs, to specific numeri- 
cal and demographic objectives based on the needs of the 
United States population. Specific manpower goals have 
become an implicit byproduct of the National Surgical 
_ Study? which has, for the first time, examined the total 
number of surgeons relative to the population, as Neb as 
their national distribution. 

By setting high standard of training and examination, 
* the manpower constraint is most keenly felt by those 
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physicians who are excluded. While the larger Society 
seeks excellence in service through limitation of the 
practicing privilege to those with proven capability, there _ 
is at the same time an ambivalence as the smaller society 
(of those seeking such credentials) senses a restraint on 
entering practice, should they fail. Much of the resistance 
to the foundation of the American College of Surgeons in 
the years 1911—1916 related to struggles over exclusive- 
ness and thus over manpower policy. The reader is 
referred to the elegant history ‘‘Fellowship of Surgeons’’ 
written by Dr. Loyal Davis, to learn again of that early 
history and those struggles over policy. A consideration of 
surgical manpower is nothing new for the American 
College of Surgeons, while the specific numerical 
relationship of surgical manpower to the population, is a 
new concern. 

In this historic relationship between a profession and 
the expectations of society, American Surgery is now at a 
critical turning point because of public pressures to reduce 


‘the number of hospital based specialists in many fields. 


Difficult decisions are required, many of which will be 
unpopular. Any such decisions should rest on firm 
forward planning based on accurate hard data. The 
American system of training and examination in surgery is 
being called into question as too lenient a screen for 
excellence, at the very time the public needs it most. On 
the other hand, the system of professional credentials is 
under attack as monopolistic and in restraint of practice at 
the very moment that society most seeks protection from 
the accidents of practice or from the work of the 
unqualified practitioner. Despite these contradictory 
responses to the firming up of professional standards into a 
manpower policy, surgeons everywhere sense the neces- 
sity of somehow placing a limit on the growth of a 
profession that is now growing eight times as fast as the 
population we serve and, in some specialties of surgery, 
twenty times as rapidly as population growth. 

To avoid a stiff defensive posture in responding to these 
pressures, students of surgical manpower policy should 
adopt the broadest possible view, planning surgical 
manpower as a part of the broader pool of total physicians 
practicing in the United States. Such an awareness of the 
public need for a continuing balance between primary care 


and special consultant services will provide both credibil- 


ity and acceptability for speciality planning in any field. 

The American Urological Associationis to be congratu- 
lated on this annual lectureship, encouraging the speaker 
to discuss matters that pertain to all of medicine and . 
biomedical science. I wish to indicate my gratitude to the 
Association for this opportunity, as well as to the 
Executive Committee and Officers of the Study of 
Surgical Services for the United States. Those studies in 
turn owe a profound debt to the American Surgical 
Association, to the American College of Surgeons and the 
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Specialty Colleges and Academies, including Urology, 
and to the Regional Societies of Surgery who joined in the 
-work following the appointment, in 1970, of a Committee 
of this College to look into the matter of Quality and 
Distribution of Surgical Care. In this lecture I will review 
many data from the Manpower Subcommittee of the 
National Surgical Study, as well as new information more 
recently available. While acknowledging my gratitude to 
the many who have assisted in this work, I accept personal 
responsibility for opinions and interpretations. 

In this paper I hope to cover four aspects. First, to 
examine the relationship between professional standards 
and manpower limitations, and the pressures for change in 
surgery. Second, to review manpower goals that might be 
established for American surgery, their implications for 
residency training, and their relationship to other special- 
ties in American medicine. Thirdly, to emphasize the 
uncertainties intrinsic in predictions of American medical 
manpower, their necessary elasticity, and the need for the 


— establishment of a central data processing unit to collect 


and evaluate data on specialty training and maintain a 
manpower predictive capability. Lastly, I would like to 
review briefly some of the political and legal difficulties 
that may lie ahead in establishing manpower goals for 
surgery, orfor any other branch ofthe medical profession. 

Even though the establishment of these surgical 
manpower goals is in response to strong pressures from 
society, and represents self-discipline on the part of the 
medical profession, it is nonetheless subject to interpreta- 
tion by government agencies and by the public media, as 
being monopolistic. As the Congress or an arm of the 
government (Department of Health, Education, and 
Welfare) seeks downward restrictions in surgical training 
programs, once imposed such restrictions are vulnerable 


~~. to other departments of government (the Department of 


Justice) which mav consider them as in restraint of 
practice or contrary to the equal employment opportunity 
policy. 


Manpower Goals and Pressures for Change 


1. Definition. Surgical manpower goals are the person- 
nel objectives required to achieve an optimal number of 
board certified surgeons for the United States over a 
period of time, and the residency training required to 
produce such numbers. 

2. Time and Target Dates. Over the short range it 
e appears most profitable to examine manpower objectives 
for the next 15 or 30 years. A special target period for our 
calculation has therefore been based on the years 
1990—2010. Changes to achieve such goals would have to 
be inititated during the next 5-year period (1977— 1982). 
All data are corrected for population and expressed ''per 
100,000 population.’’ These manpower goals include total 
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surgeons, the major surgical specialties, and surgery as. 
part of the total medical manpower pool. ` 

3. Inputs. These manpower objectives are based on 
four numerical inputs. 


(1) The current numbers of board certified surgeons 
active and by age group; total and by specialties. 

(2) The annual residency production rates as reflected 
by board certification. 

(3) Death and retirement rates for surgeons, as 
established by studies based on the past thirty 
years. 

(4) Population predictions from the Bureau of the 
Census. 


4. Limitations of Manpower Goals. Specialty man- 
power objectives of this type cannot be regional. Regional 
populations are uncertain and internal migration of 
specialists is unpredictable. Manpower goals of this type 
must be national. Manpower objectives of this type 
cannot be rigid. They must express ranges, with 
flexibility. It is impossible to predict the medical care 
needs of the future, disease distribution patterns, or the 
development of new medical or surgical treatments for 
disease. Foreign medical graduates (FMG) constitute an 
uncertainty only as regards total immigration and the total 
physician pool. Those who achieve Board certification are 
automatically included in these projections, as Board 
certified specialists. Later in this paper we examine two 
contrasting FMG assumptions as bases for prediction of 
total medical manpower. Manpower objectives of this 
type cannot be confined to surgery. If confined to some 
one field they will result in misleading or distorted 
forecasts. It is essential to examine the collegial fields in 
primary care and the other specialties of medicine. 

5. Medical Manpower Groupings. For ease of 
analysis, total medical manpower can be grouped under 
three basic headings: 


(1) Primary care or access physicians, including family 
practice, general practice, family practice internal 
medicine, pediatrics. 

(2) Specialist consultants: physicians in the specialties 
of medicine, surgery, pediatrics, and psychiatry. 

(3) Professional service specialties: anesthesia, radiol- 
ogy, pathology, and rehabilitation medicine. . 


6. American Board Certification as the Data Base. 
Board certification rates are a critical input in these 
projections. The question can be raised as to why the 
surgical forecasts are entirely based on board certified 
personnel. The reasons are as follows: 


(1) 95-100% of surgical residency programs are under 
the supervision of board certified personnel. 

(2) 92-96% of surgical residents currently in training 
plan to become board certified.’ | 
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TABLE 1. Current Numbers of Board Certified Surgeons (Jan., 1976) Population = 213.38 x 10° 





Per 
Field Number 100,000 Pop 

Gen. surgery 14,703 6.9 
Neurosurgery 1,566 0.7 
Ob/gynecology 11,195 5.2 
Ophthalmology 6,630 ` 3.1 
Orthopedics 6,417 3.0 
Otolaryngology 4,391 24 
Plastic surgery 979 0.5 
Thoracic surgery 2,186 1.0 
Urology 3,690 1.7 
Colo-rectal 334 0.2 
All surgeons 52,091 24.4 
Total residents 12,700 6.0 
BC Surg + Res. 64,800 30.4 


* BC = Board Certified. 


(3) The 52,000 board certified surgeons plus their 
12,000 trainees now total 75% of the active surgeons 
in the United States. 

(4) These 64,000 surgeons now perform 75—9096 of the 
CRV* weighted surgical operations in the United 
States, depending upon the specialty concerned.* 

(5) Information from the American boards provides the 
most reliable data currently available for the 
successful completion of approved residencies and 
the initiation of the practicing career.t Although 
board examinations are not alwavs given directly 
upon completion of residency, the successful 
passage of the American board examinations is a 
measure of the effective residency training rate in all 
the specialties. 

(6) Fellowship both in the American College of 
Surgeons and the several specialty colleges in 
medicine and surgery is increasingly confined to 
diplomates of the American Boards. 

(7) The 20,000 non-board certified surgeons now in 
practice are in an.older age group; due to increasing 
strictness of credential requirements, they are 
declining in activity. The 29,000 general 
practitioner-surgeons are part time in their surgical 
work, and appear to be phasing out. 


Current "numbers of board certified surgeons, their 
population ratios and the average number certified by each 
board in recent years, together with the most recent 
certification year available, are shown in Table 1. 


* CRV = California Relative Value Scale. 

t As the American Boards establish updated activity files of their 
diplomates, according to age, sex, and status in practice, such personnel 
data will be even more valuable than information currently available, and 
will be the most reliable demographic information on medical specialists 

* inthe United States. 


Most Recent 


Current Year 
BC* per Year BC per Year 

584 715 
83 85 
372 430 
339 369 
415 482 
217 265 
65 83 
130 170 
185 236 

16 16 


2606 2851 


7. Pressures for Downward Adjustment in the Number 
of Surgeons in Practice. The pressures to decrease the 
ratio of practicing surgeons to the population of the United 
States may be listed as follows:t 


(1) 


The current surgical manpower of 52,000 board- 
certified surgeons constitutes 1726 of practitioners 
and approximately 24.0 surgeons per 100,000 
population; this appears to be a higher ratio than is 
found in most other countries (Table 2). _ 


(2) Considering board certified surgeons together with 


(3) 


(4) 


(5) 


(6) 


their residents, which represents the accredited 
surgical work force, there is a total of.64,000 
surgeons, which constitute 2196 of active prac- 
titioners and a ratio of 30.4 surgeons per 100,000 
population. 

Residency production rates now total approxi- 
mately 2,600 new surgeons per year. If this rate 
were maintained constant without change it would 
produce a considerable net increase in the absolute 
and relative number of surgeons during the next 25 
years (Table 3). 

In several specialties of surgery the resident 
production rate is not constant, but is instead rising 
rapidly. | 

The operative rate for the United States is 78—85 
operations per 1,000 population per year. This rate 
is gradually rising and appears to be somewhat 
higher than comparable rates in other countries.? 
There is a relatively low number of operations 
carried out per surgeon each year. As a general 
average, board certified surgeons carry out 200—225 
operations per year. For those in their peak activity 


i The reader is referred to extensive tabulations in the SOSSUS 


summary report and the SOSSUS long form report, for additional 
background information.** 
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TABLE 2. Comparison of U.S.A. Surgeon Ratios With English Speaking and Western European Countries 


MANPOWER GOALS IN AMERICAN SURGERY 


Total Surgeons 


Population % of Surgeons per 
Current U.S.A. (x 109) Number Active Phys. 100,000 Pop 
Board cert. surgeons (216 x 105) 52,000 16.7926 24.1 
Residents 12,000 3.8% 5.5 
BC Surgeons + residents 64,000 20.5% 29.6 
Others doing operations* 20,000 6.5% 9.2 
All doing operations 84,000 27.0% 38.8 
Projected U.S.A. 1990-2010 | 
Board cert surgeons + res (250 x 105 76,900 18.396 30.7 
Others doing operations (None) 0.0 — 0-2 
Current other countries 
Canada 21.5 x 108 3,447 11.1% 16.1 
United Kingdom 55.7 x 106 7,863 11.4% 14.1 
Australia/New Zealand 15.0 x 10? 2,425 14.3% 16.1 
' Scandinavia (Norway, Sweden, Denmark) 16.9 x 10° 3,190 13.5% 18.8 
W. Europe (France, Italy, W. Germany, Belgium, 
Netherlands, Switzerland) . 191 x 108 34,363 11.0% 18.0 
Highest: Israel 3.0 x 10? 960 13.2% 32.0 
W. Germany 60.0 x 108 14,983 14.1% 25.0 
Lowest S. Africa 21.4 x 108 1,184 10.695 5.9 


— 


* 20,000 Non Board Certified surgeons, active; 9000 G.P.’s doing part-time surgery. 


years, and discounting some of the specialties that 
have very low operative rates, the figures approxi- 
mate 220—260 operations per: year, or approxi- 
mately 5 operations per work week. 


(7) There appears to be a need for more accessibility to 


primary care; it is widely assumed that this will be 
provided by attracting more physicians into primary 
care; this in turn is responsible for the strong 
pressure to decrease enrollment in the specialties. 


8. Comment on the Downward Pressures. Although 
the above list includes several major pressures for 
downward adjustment in surgical personnel, several 
reservations must be expressed. 


(1) Comparing surgeon numbers in the United States 


with those in other countries can only be accepted 


= with reservation; the relative lack and poor distribu- 


Q) 


tion of primary care modes in the United States 
imposes a workload on the American surgeon thatis 
not shared by his colleagues in other countries. 

It is commonly alleged that the high number of 
operations in this country is due to the large number 
of surgeons. This is a numerical coincidence, but is 
unproven as cause and effect. In this country 
operative rates include the listing of many opera- 
tions (e.g., mylography, arteriography) that are not 
listed as operations in other countries; the Ameri- 
can public demands a wide variety of specialty 


services that are only marginally related to basic 


health care; in many instances the patient is referred 


P 24.770 


to the surgeon by the primary care physician in 
response to pressures from the patient for relief of 
symptoms, rehabilitation, or improvement in per- 
sonal hygiene. 

(3) The low operative workload per surgeon must be 
related to the fact that the solo practicing surgeon in 
the small community must carry a large burden of 
office work in relation to his operative workload; he 
must establish his reputation and his acceptability to 
his community by long and devoted service; lifetime 
operative curves might provide a more meaningful 
comparison amongst countries tn the Western 
World. 


TABLE 3. First Trial Assumption: Maintain Current Rate 
of Increase in Annual Board Certification Rates 


Board Certification Rates* 


2600 1968-1972 
2850 1974 
3000 (est) 1978 . 
3200 (est) 1980 

(3% per year increase in BC rate) 
4000 (est) 1990 
6000 (est) 2010 


This would produce by 1990-2010: . 
125,000 Board Certified surgeons: 3096 of all practitioners 


Including 25,000 residents, total 150,000 Surgeons, 35% of all 
Practitioners and 50.0 Board Certified Surgeons per 100,000 
population. 


* Board Certification Rate = Number d,per year. 
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_ 9. Pressures for Upward Adjustment of Surgeon 
Numbers. At the same time, there are several pressures to 
- maintain a relatively high ratio of surgeons to the 
population of the United States, as follows: 


(1). Many more doctors will be trained and entering 
practice in the next 15 to 25 years. The total number 
of physicians now in active practice at approxi- 
mately 310,000 will increase to the range of 
440,000— 520,000 by 1990—2010. 

(2) This large increase in total physicians will increase 

the total proportion of active physicians from 143 

per 100,000 population at present to at least 170 per 

100,000 population in 1990—2010. 

This will increase the demand for all specialty 

services, all backup and consultant units, hospital 

beds, specialists in all fields and will place a 

particular pressure on the hospital professional 

services. 

Much larger numbers of physicians will be in 

primary care. It is estimated that the current 

number of approximately 140,000 primary care 

physicians might be doubled in the next 25-40 

years. This will produce an increased pressure for 

family physicians to engage in major surgery 

. without adequate training, unless there is an 

adequate specialist consultant group available. 

The increase in number of physicians in primary 

care may actually further increase pressures for 

surgical operations rather than decreasing them. 

Passage of a National Health Insurance act or some 

other form of universal entitlement to medical care 

free of any episodic fee restraint, will probably 
result in a sudden massive increase in demand for all 
medical services, including surgery. 


(3) 


(4) 


(5) 


(6) 


10. Comment on the Upward Pressures. In relation to 
the above upward pressures, several points should be 
made. 


(1) The large spread in predictions for total medical 
manpower arises from the uncertainty as to the 
number of foreign medical graduates entering the 
system during the next 30 years. 

(2) By contrast, the surgical projections based on board 

. certification rates, include the FMG (see above) 
and are independent of total immigration. 

(3) Where there are many physicians practicing in a 
population, they provide pressures for all types of 
medical services. While the primary care physician 
is best trained to provide family and ambulatory 
health services in continuity, he discovers many 
disease processes, such as cancer, in their earliest 
and most favorable phases for surgical treatment. 

(4) The temptation for the family practitioner to engage 
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in major surgery will bea part ofthe American scene 
so long as hospital surgical priviliges are not based 
on board certification; this is a tendency accen- ^ 
tuated by lack of surgeons. 

It is widely assumed that more primary care 
physicians will produce better primary care; qual- 
itative improvement in organization or modes of 
access to medical care (e.g. multispecialty group 
practice) may be more important; a combination of 
the two will even further increase the total demand 
for complex medical and surgical services. 


(5) 


11. The Basic Manpower Choice: Balance Between 
Pressures. Itis anirony that the manpower choices for the 
next 25-50 years are all based on an enigma: should there 
be a slightly underemployed board-certified (i.e. highly 
trained specialist) or is it preferable to have an untrained 
person carrying out the special service? This delicate 
balance between an over-supply and an under-supply of 
specialists will never be perfectly achieved, and may often 
appear capricious and unpredictable, depending upon 
locality and the availability of hospital facilities. 

A balance between these pressures and choices must be 
used to modulate specialist training in the United States, 
so as to maintain a residency production rate adequate to 
produce an acceptable number of highly trained 
specialists while at the same time restricting growth to a 
rate compatible with population growth. 

Excellence in medical care for the people of the United 
States depends upon an effective balance between 
primary care and specialist services. Either one without 
the other is meaningless, inefficient, and frustrating to the 
satisfaction of health care needs. 


Predictive Method and Mathematical Model 


The method used for future prediction of the ratio of 
physicians to population is an iterative annual rate method 
in which the input is computed for each year, and for each 
age group. The age group distribution of board certified 
specialists is the starting point; death and retirement rates 
provide a corrector for the close of each year and each age 
group; to this is then added the board certification rate 
with its characteristic age group distribution curve for 
each specialty. This procedure is then repeated each year 
for each age group for each specialty over the decades 
involved. The population ratio ts then calculated on data 
from the Census Bureau. Such extensive computation, 
though very simple in principle, is very time-consuming, 
and is obviously simplified by computer techonology.* 


* The basic mathematical model is described in the SOSSUS Long 
Form Report (to be published). Computer adaptation is available from 
the author upon request. 
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TABLE 4. Second Trial Assumption: Constant Ratio to Population 


Population at Required to Meet 


Board Certification Rate 


Total Surgeons 





Close of Period This Goal % Reduction Per 
Years (x 105) (Current = 2600) from Current Number 100,000 Pop 
72-77 216.6 1643 —3796 52,331] 24.2 
77—82 225.5 1620 —38% 54,481 24.2 
82—87 234.3 1860 — 2995 56,607 24.2 
87—92 241.9 2007 ~23% 58,443 24.2 
92--97 247.7 2083 — 2095 59,844 24.2 
97-02 252.7 2185 — 16% 61,052 24.2 
02-07 257.0 2251 — 1396 62,091 24.2 
07—12 260.5 2155 — 1796 62,937 24.2 
12-17 263.3 2005 ~23% 63,613 24.2 





Manpower Goals in Surgery: Four Trial 
Assumptions; The ‘‘1% per 
S Years" Goal 


1. Result of maintaining the current rate of increase in 
residency output: first trial assumption. This assumption 
tests the result of maintaining the current sharp upward 
slope of board certification. As shown in Table 3, if real 
surgical manpower were to follow this upward trend it 
would produce by the target period of 1990—2010 a total of 
125,000 board certified surgeons; this would be approxi- 
mately 30% of all practitioners; this would involve 
approximately 50 surgical personnel per 100,000 popula- 
tion. Even if surgical operation rates were permitted to 
continue their modest growth, the annual operative 
workload would then be reduced to approximately 100 
operations per surgeon per year, or approximately 2 per 
week. 

2. Constraints required to maintain a constant ratio of 
surgeons to population: second trial assumption. At the 
opposite end of manpower futures would be the restraint 
of surgeon production to the number required to maintain 
exactly the present ratio of surgeons to population. 
Allowing for population growth of the United States to 


250,000,000 by the years 1990—2010, as forecast by the 
Bureau of the Census, this would involve the addition of 
approximately 10,000 surgeons who were board certified. 
This would maintain precisely the constant ratio of 24.2 
board certified surgeons per 100,000 or, counting surgeons 
in training, a ratio at 30.0 per 100,000. As shown in Table 4 
this would involve a reduction of over 50% in current 
training rates for many surgical specialties. This constraint 
appears impractical and certainly unenforceable in a rap- 
idly expanding universe of total physician practitioners. 

3. Results achieved by maintaining board certification 
rates fixed and constant at the present average: third trial 
assumption. As shown in Table 5, this is based on the 
maintenance of the board certification rate constant at the 
1962-1972 mean. Because of the young age of many 
surgeons now in practice, this would produce a continued 
rapid growth of the number of surgeons increasing the 
ratio of surgeons to population by about 2096 through the 
target period under consideration. 

4. Setting a manpower goal to achieve growth of the 
surgeon/population ratio at the rate of 1% each 5 years: 
fourth trial assumption. As shown in Table 6, this 
manpower goal provides for a slow increase in the ratio of 
surgeons, established at 196 increase in the ratio to 


TABLE 5. Third Trial Assumption: Constant Board Certification Rate at Current Rate 


Board Certification Rate 


Population at 


Close of Period This Goal 
Years (x 105 (Current — 2605) 
72-71 216.6 2605 
71—82 225.5 2605 
82-87 234.3 2605 
87—92 241.9 2605 
92-97 247.7 2605 
97-02 252.7 2605 
02-07 237.0 2605 
07-12 260.5 2605 
12-17 263.3 2605 


Required to Meet 


Total Surgeons 


% Reduction e Per. 

from Current Number 100,000 Pop 
0 57,151 26.4 
0 64,076 28.4 
0 69,584 29.7 
0 73,854 30.5 
0 77,043 31.1 
0 79,124 31.3 
0 80,052 31.2 
0 80,137 30.8 
0 80,060 30.4 
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TABLE 6. Fourth Trial Assumption: 196 per 5 Years Growth in Surgeon-to-Population Ratio 
Board Certification Rate Total Surgeons 
Population at Required to Meet 

Close of Period This Goal % Reduction Per 
Years (x 109) (Current — 2600) from Current Number 100,000 Pop 
72-77 216.6 1747 —33% 52,850 24.40 
77-82 225.5 1741. —33% 55,586 24.65 
82-87 234.3 1988 —24% 58,317 24.89 
87-92 241.9 2154 —1796 60,814 25.14 
92-97 247.7 2241 —14% 62,891 25.39 
97—02 252.7 2366 — 9% 64,818 25.65 
02-07 257.0 2452 — 6% 66,563 25.90 
07-12 260.5 2398 — 8% 68,147 26.16 


population each 5 years. This would add approximately 
15,000 surgeons to the surgical work force by a.p. 2010. 
Detailed tabulations for the residency output required for 
all surgical specialties are shown in Tables 7—17. It will 
be noted that in some of the rapidly growing specialties, 
the reduction in residency production would be quite 
stringent for the next few years. Then, as population 
growth catches up, there would be a gradual restoration of 
residency production rates towards the current levels. 
This manpower goal or one close to it appears most 
practical in the light of all the information we have 
available at this time, and is recommended for implemen- 
tation. 

5. Similar mE for other fields: Similar goals 
have been examined for internal medicine, anesthesi- 
ology, radiology, pathology, pediatrics, and neuro- 
psychiatry. In internal medicine, anesthesiology, and 
pathology it does not appear that the goal of ‘‘1% increase 
in population ratio each 5 years” is adequate. Our data 
suggest that these three fields are currently under-supplied 
throughout the country and that for this reason manpower 
goals should be considerably expanded. The fact that 
some of these fields have a very large fraction of FMG in 
their residency training programs, suggests’ under- 
recruitment for USMG.t Expanded goals in internal 
medicine, pathology and anesthesia are shown in Table 
18, calling for an essentially 2076 growth in population 
ratio over the next 25-30 years. To achieve such goals a 
radical improvement in recruitment practices would be 
required, a,matter that is not discussed further in this 
paper. Restraints on entry to surgical training, as 
suggested here, should have a minor but helpful effect in 
diverting some trainees to the understaffed fields. 


t The supporting data for the contention that family practice-internal 
- medicine, anesthesiology, radiology, and pathology are in short supply, 
are documented in detail in the SOSSUS Long Form Report: In addition 
these particular fields of medical manpower show very marked 
distributional anomalies, as compared to surgery, when various parts of 
. the country. and various groupings are examined. 


Declining Activity of Non-board-Certified 
Personnel: Workload and 
Income Implications 


When, to the current number of 64,000 (total board 


certified surgeons plus trainees in approved programs) is 


added the approximately 30,000 non-board certified 
surgeons (full time surgeons who practice without board 
credentials, plus general practitioner-surgeons, largely 
part time), the number of 94,000 American physicians 
engaged in surgical activity is obtained. This extremely 
high number (almost one-third of all active physicians) is 
often used to accentuate the need for control of surgeon 
numbers, when in point of fact residency constraints are 
needed without them, as should be clear from the 
foregoing. The problem posed by this group of practition- 
ers is that of personnel outside of the credentialling process 
or any potential control mechanism, rather than the matter 
of their numbers alone. 
Data presented in a previous publication’? document the 
fact that these practitioners are of an older age group by 
about 10 years, when compared with the active board 
certified surgeons. There is. also evidence, presented 
below, indicating that this group of surgeons is of 
declining importance in the surgical care picture of the 
United States. The data from the area studies, sum- 


TABLE 7. Manpower Goals in the Specialties: All Surgical Speciaities* 


% of Past Total at 
Year Cert. Rate 5 Yrs Close Spec/Pop 
72-77 13027 (2605) 100.0 57151 26.39 
71-82 9044 (1809) 69.4 60093 26.65 
82-87 10364 (2073) 79.6 63064 26.92 
87—92 11209 (2242) 86.0 65761 27.18 
92-97 11724 (2345) 90.0 68011 27.46 
97-02 12487 (2497) 95.9 70076 27.73 
02--07 13252 (2650) 101.7 71983 28.00 
07-- 12 13522 (2704) 103.8 73692 28.29 


* Certification rate required for goal achievement: 196 per 5 years 
growth in population ratio. 
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TABLE 8. Manpower Goals in the Specialties: General Surgery* 





% of Past Total at 
. Year Cert. Rate | 5 Yrs Close Spec/Pop 
72-77 2920 (584) 100.0 15635 722 
77-82 2470 (494) 84.6 16444 7.29 
82—87 2989 (598) 102.4 17256 7.37 
87—92 3329 (666) 114.0 17994 7.44 
92-97 3435 (687) 117.6 18610 7.51 
97—02 3373 (675) 115.5 19176 7.59 
02—07 3323 (665) 113.8 19697 7.67 
07-12 3409 (682) 116.7 20165 7.74 


* Certification rate required for goal achievement: 1% per 5 years 
growth in population ratio. 


marized in the SOSSUS publication of August, 
1975, show that this group of approximately 30,000 indi- 
viduals carry out only 5—20% of the surgical workload 
of the country, when it is weighted by some measure of 
operative magnitudes such as the CRV scale. 

Were this group of non-qualified surgical practitioners 
gradually to decline in activity so that by 1990—2010 they 
provided 395 or less of the total weighted surgical 
workload of the country, there would be an increase in the 
average workload of board certified surgeons of 17-21%. 
This is based on the constrained surgical growth rate 
already mentioned of 126 increase in population ratio each 
5 years. It is estimated that this would increase the mean 
annual workload of 200 operations per year to the vicinity 
of 234—242 operations per year with appropriate increases 
at other levels. The income implications can be estimated 
from the numerical: data on number of operations 
performed comipared with income, made available 
through the questionnaire study of the Manpower 
Subcommittee of SOSSUS. From this it appears that the 
relationship is approximately linear but does not have a 
zero intercept; for this increase in operative workload it is 
estimated that the lifetime earnings of a surgeon would be 
increased about 10-15%. 

1. Factors Favoring a Downward Trend in the Role of 
Non-Board-Certified Surgeons in the United States. Will 
there actually be a substantial decrease in activity of 


TABLE 9. Manpower Goals in the Specialties: Neurosurgery * 


% of Past Total at ; 
Year Cert. Rate 5 Yrs Close Spec/Pop 
72-71 | 414 (83) 100.0 1779 0.821 
771-82 266 (53) 64.3 1870 0.829 
82-87 320 (64) 77.3 1962 0.838 
87—92 359 (72) 86.7 2046 0.846 
92—97 382 (76) 92.3 2116 0.854 
97-02 403 (81) :97.3 2180 0.863 
02—07 433 (87) 104.6 2240 0.872 
07-12 430 (86) 103.9 2293 0.880 


* Certification rate required for goal achievement: 196 per 5 years 
growth in population ratio. 
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TABLE 10. Manpower Goals in the Specialties: 
Obstetrics and Gynecology 
% of Past Total at 

Year Cert. Rate 5 Yrs Close Spec/Pop 
72-77 2853 (571) 100.0 12528 5.78 
71—82 1922 (384) 67.4 13164 5.84 
82—87 2215 (443) 77.6 13815 5.90 
87—92 2458 (492) 86.2 14405 5.96 
92-97 2648 (530) 92.8 14898 6.01 
97—02 2860 (572) 100.2 15351 6.07 
02-07 2991 (598) 104.8 15768 6.13 
07-12 2941 (588) 103.9 16143 6.20 


* Certification rate required for goal achievement: 1% per 5 years 
growth in the population ratio. 


non-certified personnel? Several lines of evidence sug- 
gest that this will occur. 


(1) Any improvement in hospital credentialling; based 
on voluntary steps taken by hospital trustees, or 
forced by survey guidelines adopted by the Joint 
Commission of Accreditation of Hospitals, would 
hasten the disappearance from the scene of partially 
trained personnel not only in surgery, but in all other 
specialty fields. PSRO should add pressure in this 
same direction. 

The great increase in malpractice insurance rates 
will force reconsideration of high-hazard specialty 
practice by persons without appropriate credentials 
or capability. 

In the countries of Western Europe, and in other 
English speaking countries, non-qualified personnel 
play only a minor role in the practice of. major 
surgery. A downward trend would thus bring 
United States professional staffing patterns into 
much closer correspondence with that long opera- 
tive in Western Europe, Canada, Australia, and 
New Zealand. 

Some isolated communities in this country have 
been without board certified personnel in important 
specialties for many years, and have been well 


(2) 


(3) 


(4) 


TABLE 11. Manpower Goals in the Specialties: Ophthalmology* 


% of Past Total at . 
Year Cert. Rate 5 Yrs Close Spec/Pop 
72-77 1693 (339) 100.0 7156 3.30 
77-82 1210 (242) 71.5 7516 3.33 
82-87 1320 (264) 78.0 7887 3.37 
87—92 1301 (260) 76.8 8225 3.40 
92—97 1325 (265) 78.3 8506 3.43 
97—02 1489 (298) 88.0 8764 3.47 
02-07 1683 (337) 99.4 9003 3.50 
07-12 . 1741 (348) 102.8 9217 3.54 


* Certification rate required for goal achievement: 1% per 5 years 
growth in population ratio. 
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TABLE 12. Manpower Goals in the Specialties: Orthopedics* 
26 of Past Total at 

Year Cert. Rate 5 Yrs Close Spec/Pop 
N-77 2076 (415) 100.0 7636 3.52 
77-82 1104 (221) 53.2 8028 3.56 
82-87 1297 (259) 62.5 8425 3.60 
87—92 1404 (281) 67.6 8785 3.63 
92—97 1475 (295) 71.0 9086 3.67 
97—02 1688 (338) 81.3 9362 3.70 
02-07 1856 (371) 89.4 9617 3.74 
07-12 1919 (384) 92.4 9845 3.78 


* Certification rate required for goal achievement: 1% per 5 years 
growth in population ratio. 


served by self-taught practitioners who are now 
approaching retirement; it will be an important 
responsibility of the surgical establishment to 
assure an equitable distribution of qualified person- 
nel to such communities. 

There are certain special problem areas, for 
example obstetrics, in which the role of non-board 
certified personnel is predominent in many parts of 
the country; new referral patterns and the employ- 
ment of additional allied health personnel may 
operate to increase the quality of obstetrical care in 
communities where it appears deficient. | 
The general practitioner-surgeon is at most a 
part-time surgeon; there will be increasing pressure 
for him to focus on the field in which he is best 
qualified and most needed, in primary care and 
family preventive medicine. 


(5) 


| (6 


2. Countervailing Pressures to Maintain a Cohort of 
Specialists Practitioners Outside of the Credentialing 
System. Despite improvement in public service and the 
modest income implication resulting from the declining 
activity of non-certified personnel, itis to be expected that 
any such development may be challenged both by 
consumer groups and by the püblic media as being a 
self-serving trend favored by the established medical 
specialty groups such as surgery, radiotherapy and 
pediatrics. Such pressures arise from the following: 


ł 


TABLE 13. Manpower Goals in the Specialties: Otolaryngology* 


. % of Past. Total at 
Year - Cert. Rate 5 Yrs ! Close Spec/Pop 
72-77 1086 (217) 100.0 ` 4328 2.00 
77-82 816 (163) 75.1 4555 2.02 
82-87 795 (159) 73.2 4780 2.04 
87-92 764 (153) 70.3 4985 2.06 
92-97 718 (144) 66.1 5155 2.08 © 
- 97-02 787 (157) 72.3 5312 2.10 
02-07 947 (189) 87.2 5455 2.12 
07-12 1078 (216) 99.3 5585 2.14 


* Certification rate required for goal achievement: 1% per 5 years 
growth in population ratio. 
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TABLE 14. Manpower Goals in the Specialties: Plastic Surgery* 


96 of Past Total at 
Year - Cert. Rate 5 Yrs Close Spec/Pop - 
72-77 329 (66) 100.0 1177 0.543 
77-82 165 (33) 50.2 1237 0.548 
82—87 192 (38) 58.4 1298 0.554 
87—92 222 (44) 67.5 1353 0.559 
92—97 249 (50) 75.7 1400 0.565 
97—02 285 (57) 86.6 1442 0.571 
02-07 312 (62) 94.8 1481 0.577 
07—12 300 (60) 91.2 1517 0.582 


* Certification raté required for goal achievement: 1% per 5 years 
growth in population ratio. 


(1) Small or specialized groups of practitioners often 
provide very effective public pressures through 
the media. 

The concept of consumerism is ambivalent. It 
favors the highest possible quality of public service 
for the patient (i.e. the guarantee of the most highly 
trained personnel for everyone). But at the same 
time, it tends to foster the concept of a totally free 
entry of any physician into any field of activity that 
he may choose, at any time in his life. 

Federal anti-trust statutes as well as equal oppor- 
tunity regulations may complicate efforts to im- 
prove specialty practice in the public interest, 
especially if such efforts are initiated by small or 
highly limited practicing groups, colleges, or 
academies. This factor favors the formation and 
urgent implementation of some broad national 
agency, in the voluntary sector, operating with 
government approval, to control and implement 
residency entry openings. Such should be a public 
or quasi-public body, including representatives 
from consumer groups, industry, law and public 
service in other fields. 

Specialized groups of practitioners who operate 
outside of the principal medical establishment, such 
as osteopaths and chiropractors, have always had a 
strong volce in legislative bodies, far out of 


(2) 


(3) 


(4) 


TABLE 15. Manpower Goals in the Specialties: Thoracic Surgery* 


96 of Past Total at 
Year Cert. Rate 5 Yrs Close Spec/Pop 
72-77 650 (130) 100.0 2624 1.21 
71-82 324 (65) 49.8 2756 1.22 
82-87 398 (80) 61.2 2892 1.23 
87—92 489 (98) 75.2 3016 1.25 
92—97 572 (114) 88.0 3119 1.26 
97 —02 626 (125) 96.3 3214 1.27 
02-07 647 (129) 99.5 3301 1.28 
07—12 633 (127) 97.4 3379 1.30 


* Certification rate required for goal achievement: 1% per 5 years 


growth in population ratio. 
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TABLE 16. Manpower Goals in the Specialties: Urology* 


% of Past Total at 
Cert. Rate 5 Yrs Close Spec/Pop 
72-77 932 (186) 100.0 3953 1.82 
77-82 675 (135) 72.4 4157 1.84 
82-87 763 (153) 81.9 4362 1.86 
87—92 813 (163) 87.2 4548 1.88 
92--97 845 (169) 90.7 4704 1.90 
97-02 903 (181) 96.9 4847 1.92 
02-07 973 (195) 104.4 4979 1.94 
07-12 971 (194) 104.2 5097 1.96 


* Certification rate required for goal achievement: 1% per 5 years 
growth in population ratio. 


proportion to their numbers or to the fraction of 
medical care they provide. These pressures also 
tend to reinforce a sort of populist demand for 
complete freedom of entry into specialists practice, 
even though any one individual patient may far 
prefer the most highly trained specialist. 


Medical Student Career Choices; Estimated 
Total Medical Manpower: 
The 125% Residency Limitation 


Any forecasts of manpower goals for special therapeutic 
fields such as surgery require for their interpretation the 
broader background of total medical manpower in the 
United States. 

1. Medical School Class Size and Composition. In 
Table 19 projected medical school class sizes are shown as 
well as minority composition for the next 25 years. Several 
of these are stable enough so that prediction is reliable. 
These include data on total class size, number of women 
and blacks. Other minority groups are far less numerous 
or easily defined and may be of less importance for 
American medical care distribution. 

In Table 19 projections are shown for the fraction of 
men, women and minorities entering surgery during the 
next 25 years and based on the residency constraint for 
surgery at the 1% population ratio growth rate each 5 
years. During the period 1915—1965 approximately 2596 of 
all Unites States medical graduates entered surgical fields. 
This figure can be expected to decline as the fraction of 
total medical students that are women increases, even 
without firm restraints on surgical residency openings. 
Data predicting the number of women entering surgery 
are still sparse for the United States. The British 
experience, which for a much longer time has involved 
large numbers of women medical graduates, suggests that 
less than 5% will enter surgery. It appears that the figure in 
the United States will be higher than 596 but still well 
below the 25% figure for male medical students. 

2. Foreign Medical Graduates. Some prediction of the 
number of foreign medical graduates entering the total 
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TABLE 17. Manpower Goals in the Specialties: 
Colon and Rectal Surgery* 


% of Past Total at 

Year . Cert. Rate 5 Yrs Close Spec/Pop 
72-77 74 (15) 100.0 327 0.15 
71-82 75 (15) 101.4 342 0.15 
82-87 73 (15) 98.6 359 0.153 
87—92 67 (13) 90.5 374 0.155 
92-97 70 (14) 94.6 387 0.156 
97-02 71 (14) 95.9 398 0.158 
02—07 74 (15) 100.0 409 0.160 
07-12 81 (16) 109.5 419 0.161 


* Certification rate required for goal achievement: 1% per 5 years 
growth in population ratio. 


U.S. medical manpower pool is essential to the prediction 
of the number of physicians that will be in practice in the 
United States during the period 1990—2010. For ease of 
analysis, two alternative tracks are considered in Tables 
20 and 21. In one case (Table 20) the prediction is made 
that FMG immigration will continue at the 5,000— 7,000 
rate per year for the next 8 to 10 years than gradually being 
reduced largely because of constraints placed by the 
country of origin. An alternative view (Table 21) is that 
several factors are limiting the immigration of foreign 
medical graduates and that these factors will continue to 


TABLE 18. Alternative Manpower Goals in Pathology, 
Anesthesiology and Internal Medicine* 


At Close of 
Increase Certification Rate ` 5 Yr Period 
in Spec/Pop | —— ————————— 
Year Ratio 5-Yr(1-Yr)?6 of Start Total  Spec/Pop 
Pathology 
1972-77 096 2003 (401) 100.0 8878 4.10 
1977-82 10% 2061 (412) 102.9 10170 4.5] 
1982—87 696 2036 (407) 101.6 11201 4.78 
1987-92 4% 2102 (420) 104.9 12025 4.97 
1992-97 1% 1992 (398) 99.4 12434 5.02 
1997—02 1% 2202 (440) 109.9 12812 5.07 
Anesthesiology 
1970-75 0% 1291 (258) 100.0 5572 2.57 
1975-80 10% 1161 (232) 89.9 6277 2.83 
1980—85 6% 1300 (260) 100.7 6927 3.00 
1985—90 4% 1370 (274) 106.1 7460 3.12 
1990-95 1% 1370 (274) 106.1 7739 . 3.15 
1995-00 1% 1503 (301) 116.4 7992 3.18 
Internal Medicine 
1970-75 0% 4332 (866) 100.0 20717 9.56 
1975-80 10% 4708 (942) 108.7 23324 10.52 
1980-85 6% 5031 (1006) 116.1 25745 11.15 
1985-90 4% 5028 (1006) 116.1 27736 11.60 
1990—95 1% 4604 (921) 106.3 28784 11.72 
1995-00 1% 4812 (962) 111.1 29717 11.83 


* Goals based on a 20% increase in population ratio by 1992. 
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TABLE 19. Medical School Graduates and Surgical Career Choice 
Slow Growth Rapid Growth Steady State 
(1915—65) (1965—78) (1978—90) 
Graduates No. % No. % No. % 
United States 
Total 5,000-8,800 14,500 16,000 
Men 4,700—8,270 94.0 11,600 80.0* 12,000 75.0 
Women 300—530 6.0 2,900 20.0* 4,000 25.0 
Entering surgery 
Men 1,000—2,150 20.0— 26.0 2,320 . 20.0 2,020 17.0 
Women 5-15 1.0—3.0 130 | $8.0 240 6.0 
Foreign l 
Total l 500— 3,000 6,0001 2,0001 
Entering surgery 50-230 1.0-8.0 570 9.5 440 12.0 
United States and foreign 
Total 1,055-2,395 3,020 2,700 
Entering surgery 
U.S. men 1,000-2,150 87.0—90.0 2,320 76.0 2,020 75.0 
U.S. women 5—15 0.5-1.8 130: 5.0 240 9.0 
Foreign men and women 50—230 5.0—10.0 570 19.0 440 16.0 





* Based on 20% admission 


T Based on estimated peak FMG immigration (6,000) 1973; 12% were USA citizens. 


i Based on decline in FMG 5-10% per year 1978—1990. 


Estimates of blacks in surgery: current, 396; current annual entry, 7%; 1990 practicing estimate, 6%. 


operate during the next quarter century so as to reduce 
FMG to annual immigration rate of 1,500—3,500 per year 
rather rapidly during the next few years. These factors 
include restrictions from the country of origin, restrictions 
in total residencies available, very low pass-rates on 
American Board examinations, and the 125% residency 
concept, were it to be activated. 

Because of these two alternatives for FMG prediction, 
current estimates of the total number of physicians in the 
United States during the years 1990—2010 vary from alow 
of approximately 420,000 active physicians, to a high of 
approximately 500,000 active physicians. 

In Tables 20 and 21 are shown the sequential data for 
size of FMG pool, total entry into the system and total 
number of physicians in the United States according to 
these two predictive models. It would appear likely that 
reality will fall somewhere between these two extremes. 

3. The 125% Residency Concept. Some limitation on 
the entry of FMG into the specialized consultant fields of 
medicine and surgery will be required if more training 
programs for family and primary care are to be activated 
and if the total fraction of American practitioners entering 
practice are to show a higher proportion of USMG than at 
the present. One method suggested to provide a constraint 
‘on FMG entry has been that the total number of available 
first year residency positions be limited to 125% of the 
graduating American Medical Class. This would automat- 
ically limit FMG immigration at resident level, to a figure 


of 25% of USMG. For example, should the classs size for 
the United States increase to 17,000 per year, then by the 
125% rule there. would be openings for 4,250 FMG 
entering residencies in that year. The total number of first 
year residency openings would then be 21,250. It will be 
noted that the resultant FMG entry would lie somewhere 
between the maximal estimate of 5,000—7,000 per year 
and the low estimate of 1,500—3,500 per year (Table 22). 

4. Overall Prediction of Medical Manpower for 1990 — 
2010. Basing the total residency positions available on this 
125% limitation, and using this as the basis for computa- 
tion of future manpower distribution some interesting 
results are obtained as shown in Table 23. In the 
tabulations of Table 23 it is assumed that the surgical 
residency openings will be constrained to the 1%/5 goal,* 
that primary care residencies will occupy approximately 
5096 of the openings, that the highly specialized medical 
treatment and service fields will have constrained entry, 
and that there will be an overall increase in all the 
components of primary care. 

In the projection shown in Table 22 there will be noted 
that there is a wastage factor in all of the residency 
programs. This isan allowance for those who do not enter 
active practice but instead go into teaching, research, 
administration, public health, community health ad- 


* **195/5 goal" indicates 1% growth in population ratio each 5 years, as 
previously described in this paper. 
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TABLE 20. Total Physician Projection to 2000: Assumption A -Gradual FMG Decline 
1973 1978 1983 1988 1993 1998 2003 
Population (x 105) 210.37 218.3 227.3 236.0 243.2 248.8 253.9 

Total entry* 102,200 103,500 92,500 92,500 92,500 92,500 
USMG entry 65,220 76,000 79,500 80,000 80,000 80,000 
FMG entry 36,980 27,500 13,000 12,500 12,500 12,500 

76 FMG entry 36.296 26.6% 14.0% 13.5% 13.5% 13.5% 
Total FMG 68,540 97,777 117,646 122,046 124,760 126,382 127,279 

06 FMG 19.5% 23.6% 24.5% 23.0% 21.796 20.5% 19.5% 
Total physicians 351,490 . 413,988 479,521 530,429 576,064 616,532 653,327 
Physicians/100,000 167 190 211 225 237 248 257 
Total active phys. 272,405 320,841 371,629 411,082 446,450 477,812 506,328 
Active phys./100,000 129 147 164 174 184 192 199 


* Total entries are for 5-year cohorts. 


ministration, the armed services, or leave the country by 
emigration. These numbers ( 'inactive practitioners" ') are 
not shown in Tables 23, 24 or 25. 


Overall Manpower Projections for 1990—2010; 
Community Size and the Distribution 
of Physician Groupings 


|. 1. Community Size Distribution of Physicians. As 
mentioned previously, it is impossible to carry out physi- 
cian personnel projections on a regional basis; nonethe- 
less, it is possible to divide physician locations into three 
broad population groupings; rural counties and non- 
metropolitan areas containing no community of 10,000 or 
more; small towns and cities of 10,000— 50,000 in size, and 
finally urban centers of 50,000 population and up. 

In Tables 24 and 25 approximate population densities 
in the United States for these three categories, the data 
currently available on the distribution of physicians in 
these population categories, and predictions based on the 
lower of the two alternative overall manpower tracks 
previously mentioned are shown. The data used on 


population groupings are based on information from the 
Bureau of the Census, the American Medical Associa- 
tion, the Directory of Medical Specialists, and the 
Institute of Medicine. 

Nationally, there is a characteristic physician distribu- 
tion in the three types of population groups. The rural 
areas show largely primary care physicians with only a 
few medical specialists, but with a generous distribution of 
surgeons in the fields of general surgery, obstetrics- 
gynecology, orthopedics and urology. In the middle-sized 
communities (small towns and cities) one begins to find 
some of the internist specialists (cardiology, hematology, 
neurology) as well as specialized pediatricians, with a 
distribution of radiologists, pathologists and anes- 
thesiologists rarely found practicing in the rural area; 
ophthalmologists, otolaryngologists, and neurologists are 
in practice in these communities. 

Finally, in the larger cities, one finds a lesser proportion 
of persons in primary care, and a much higher fraction in 
all of the hospital-based specialties. One now encounters 
neurosurgeons in larger numbers, as well as thoracic 
surgeons, cardiac surgeons, and surgeons doing compli- 


TABLE 21. Total Physician Projection to 2000: Assumption B-Sudden FMG Decline 


1973 1978 1983 1988 1993 1998 2003 
Population (x 1095 210.37 218.3 227.3 236.0 243.2 248.8 253.9 
Total entry* 96,700 80,500 86,000 89,500 90,000 e 30,000 
USMG entry 65,220 72,500 81,000 84,500 85,000 85,000 
FMG entry 31,480 8,000 5,000 5,000 5,000 5,000 
96 FMG entry 32.6% 9.9% 5.8% 5.6% 5.6% 5.6% 
Total FMG 68,540 92,277 92,720 89,507 85,454 80,708 75,681 
% FMG 19.5% 22.6% 20.6% 18.0% 15.8% 14.0% f 12.3% 
Total physicians 351,490 408,488 451,095 495,936 539,363 578,481 614,275 
Physicians/100,000 167 187 198 210 222 233 242 
Total active phys. 272,405 316,578 349,599 384,350 418,006 448,323 476,063 
Active phys/100,000 129 145 154 163 172 180 188 


* Total entries are for 5-year cohorts. 
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TABLE 22. The 125% Residency Concept 
"First year residency slots to be adjusted to 125% of USMG."' 
Students Finishing M.D. First Year Slots Total Slots 

Current USMG FMG Total Total %USMG % Occupied Total % Occupied 
(1978) 13,500 7000 20,500 24,974 184% ? 95% 65,357 76.5% 
Per 100,000 pop. 6.25 3.24 9.49 11.56 30.25 


Projected by “125% Rule” For 1990-2010 





1990—2010 17,000 4250 21,250* 21,250* 12596 . 10076 69,150 100% 
Per 100,000 pop. 6.8 1.7 8.5 8.5 27.7 


~ Projected Distribution of First Year Slots (To Produce Appropriate “Mix” ) 


Finishing Residents 











First Year Years Total Annual Output 

All primary care 

Gp/Fp/FpIm/Peds 10,000 3 30,000 9500 
All consultants 

Surg 3,000 4 12,000 2500 

Med 3,000 4 12,000 2500 
All prof serv spec 

Anes, 1,950 3 5,850 1600 

Path + Radiol 2,700 3 8,100 2000 

Rehab 620 2 1,200 500 
Totals 21,250* 69,150 18,6007 


* 21,250 — 1.25 x 17,000. 


. t This 18,600 annual output is about 10% below the first year starting slots, indicating wastage due to research, full-time administration, the 
Armed Services, other government services or bureaus, or returning to other countries. : 


cated reconstructive or plastic surgery. Psychiatry, physician ‘‘mix’’ according to population served. The 
notable for its total absence in more rural areas, now data shown here are an overall national average subject to 
appears abundantly. much regional variation. 

There are notable regional differences over the country The data shown in Tables 24 and 25 represent an 
as a whole, with respect to these characteristic varieties of exercise in physician prediction or ‘‘modeling’’ basing 


TABLE 23. Projection Summary 1990 —2010 


Current 1976 Projected 1990—2010 
Per 26 of Active Per % of Active 

Number 100,000 Pop Physicians Number 100,000 Pop Physicians 
Population 216,000,000 250,000,000 
Tot. entering med. 21,000 21,500 
USMG % 67% 80% 
Active physicians 310,000 144 100% 420,000 168 100% 
Primary care 145,000 67 4796 228,000 91 5496 
Surgeons (BC9 + residents 65,000 .30 2196 717,000 31 1896 
Surg. entering practice 2,600 2,200 
Med. spec. (BC) 4 residents 45,000 21 15% 70,000 28 17% 
Spec. serv. consult: 
(Anes, radiol, path, rehab.) 35,000 16 1196 47,000 19 11% 
GP & NBC surgeons 30,000 . 14 10% 0—7,500 0-3 0-2% 
Total physicians (urban) 276,000 160 375,000 183 
Total physicians (rural) 34,000 79 45,000 100 

. Rural/urban (total) . 0.49 0.55 

Med. & surg. spec. (urban) 103,000 60 138,000 67 
Med. & surg. spec. (rural) 7,000 16 9,000 20 


Rural/urban (specialists) 0.27 0.30 
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TABLE 24. Active Physicians: Current (1976) Distribution and Community Groupings of Physicians 





























































































































Totals Community Sizes 
Per Rural Cities/Towns Metro Areas 
Field No. 100,000 % 0— 10,000 10,000— 50,000 50,000 or more 
(USA Pop 216,000,000) (43,000,000) (37,000,000) (136,000,000) 
Per Per Per 
Total 100,000 Total 100,000 Total 100,000 
Total Physicians 310,000 143.5 100%* 34,000 79.1 51,600 139.5 224,400 165.0 
Primary Care 145,150 67.2 47% 24,000 55.8 24,600 66.5 96,600 71.0 
Gp/Fp/Imt 136,400 63.1 23,300 54.2 23,200 62.7 89,900 66.1 
Pediatrics 8,750 4.1 666 1.5 1,440 3.9 6,640 4.9 
Consultants 109,450 50.7 3596 6,620 15.4 17,890 48.3 84,900 62.4 
Board-cert Surgeons: 64,800 30.0 2196 4,420 10.3 10,600 28.6 49,700 36.5 
General surgery 19,650 9.1 1,780 4.1 3,250 8.8 14,60€ 10.7 
Neurosurgery 1,850 0.9 43 0.1 299 0.8 1,510 1.1 
Ob-gynecology 13,800 6.4 82] 1.9 2,260 6.1 10,700 a 
Ophthalmology 7,700 3.6 $59 1.3 1,270 3.4 5,880 4.3 
Orthopedics 8,000 3.4 447 1.0 1,310 3.5 6,240 4.6 
Otolaryngology 5,300 2.4 353 0.8 870 2.4 4,080 3.0 
Plastic surgery 1,100 0.5 17 0 177 0.5 906 0.7 
Thoracic surgery 2,300 1.1 103 0.2 375 1.0 1,820 1.3 
Urology 5,100 2.4 288 0.7 834 2.3 3,980 2.9 
Med Consultantst 44,650 20.7 1426 2,200 5.1 7,290 19.7 35,200 25.9 
Im spec 12,950 6.0 1,020 2.4 2,130 5.8 9,790 72 
Pediatric spec 3,000 1.4 744 1.7 522 1.4 1,730 1.3 
Dermatology 3,250 1.5 86 0.2 526 1.4 2,640 1.9 
Neurology 3,900 1.8 86 0.2 631 1.7 3,180 2.3 
Psychiatry 21,550 10.0 262 0.6 3,470 9.4 17,800 13.1 
Non BC Surg 20,000 9.3 6% 903 2: 3,260 8.8 15,800 11.6 
Prof Serv Physt 35,400 16.4 1296 2,490 5.8 5,820 15.7 27,100 19.9 
Anesthesiology 9.720 4.5 219 0.5 1,570 4,2 7,930 5.8 
Pathology 9.730 4.5 675 1.6 1,600 4.3 7,46) 5.5 
Radiology 14,000 6.5 1,560 3.6 2,330 6.3 10,112 7.4 
Rehabilitation 1,950 0.9 43 0.1 315 0.9 1,599 1.2 


* Figures may not add due to rounding. 


+ General Practitioners, Family Practitioners and Family Practice Internists. 
+ These figures include active board certified specialists plus their Residents in training. 


surgical growth always on the 1%/5 goal, establishing 
similar goals or more appropriate ones for some of the 
other specialties, enlisting a much larger number of 
graduate physicians in primary care, and relating the 
whole to the larger framework of growing medical 
manpower in a slowly growing total population.t 


+ The community size cut-off from rural to urban, at a population of 
50,000, is best appreciated in relation to the fact that suburban areas are 
not included in the rural description. Suburban cities and towns are 
included in the standard metropolitan centers and do not appear in these 
tables as isolated communities requiring distinct self-sufficient medical 
facilities. In most of the 50 states there are many “‘distinct’’ communities 
of 50,000—250,000 population that are not suburban, and that have total 
medical care facilities for a large surrounding patient-flow area. It was for 
this reason that the progression to the urban-metropolitan category 
begins at the seemingly low population of 50,000. 


2. Factors Influencing Surgeon Distribution. Turning 
from these data on total medical manpower distribution in 
population groupings, to the matter of surgeon distribu- 
tion, itis evident that the availability of acute hospital beds 
is the most important single determining factor in surgeon 
distribution. More than any other specialists, the surgeon 
and the anesthesiologist require a hospital for practice. 
The ratio of surgeons to hospital beds shows less variation 
over the country than does that for any other specialty, or 
any other surgeon-distribution denominator. There are 
areas of the country, particularly the central and: eastern 
portion of the South, where total surgeon distribution is 
far less abundant than in other parts of the country; there 
are also fewer hospital beds and fewer medical facilities in 
these areas. Whether or not this is traceable to overall 
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economic status, populational racial mix, or some other 


determinant factor of a political nature, is beyond the 
scope of this article. 


Implementation and Enforcement of 
Manpower Goals 


1. A National Agency to Provide the Data Base. There 
can be no enforcement of manpower goals in surgery or in 
the inedical fields, without an agency to gather and 
provide manpower data freely to those who need them for 
future planning. Such data must be made available 
annually to some controlling national voluntary agency, 
and thence to the residency review boards. Such an 
agency should ideally confine its work to national 
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manpower predictions and must include all physicians. 
Where it to become concerned with regional distribution, 


it would be assuming a large additional task that is not i 


central to the main purpose of national medical manpower 
prediction. Any regional predictive capability would 
required a much larger staff and an entirely different order 
of magnitude of error. Ideally, such a data-gathering 
agency should be completely independent of implementa- 
tion or enforcement, providing basic numbers to a national 
regulatory agency which, in turn, establishes guidelines 
for the residency review boards. The residency review 
boards would then be concerned with the actual number of 
residencies in each special field, as well as their quality. 
2. Implementation or Enforcement of Specialty Resi- 
dency Limitation. The restriction of residency entry to 


TABLE 25. Active Physicians: Projected (2000) Distribution and Community Groupings of Physicians 

































































Total Community Sizes 
per Rural Cities/Towns Metro Areas 
Field No. 100,000 0b 0— 10,000 10,000-- 50,000 50,000 or more 
USA POP 
(250,000,000) (45,000,000) (44,000,000) (161,000,000) 
per per per 
Total 100,000 Total 100,000 Total 100,000 
Total Physicians 420,000 168.0 100%* 44,480 98.8 72,160 164.0 303,360 188.4 
Primary Care 227,000 90.8 54% 32,600 72.4 39,500 89.8 155,000 96.3 
GP/FP/IMt 210,000 84.0 31,700 70.4 36,000 83.2 142,000 88.2 
Pediatrics 17,000 6.8 872 1.9 2,870 6.5 13,300 8.3 
Consultants 146,000 58.4 3496 8,660 19.2 24,700 56.2 112,600 69.9 
Board-cert Surgeonst 76,900 30.8 18% 5,780 12.8 13,100 29.8 58,000 36.0 
General surgery 22,600 9.0 2,330 “5.2 3,880 8.8 16,400 10.2 
Neurosurgery 2.250 0.9 56 0.1 376 0.9 1,820 1.1 
Ob-gynecology 16,500 6.6 1,070 2.4 2,800 6.4 12,600 7.8 ~ 
Ophthalmology 9,000 3.6 731 1.6 1,530 45 6,740 4.2 
Orthopedics 10,250 4.1 585 1.3 1,730 3.0 7,930 4.9 
Otolaryngology 6,250 2.5 461 1.0 1,060 2.4 4,730 2.9 
Plastic surgery 1,800 0.7 22 0 300 0.7 1,480 0.9 
Thoracic surgery 3,000 I2 135 0.3 505 1.1 2,360 1.5 
Urology 5,250 2.1 377 0.8 892 2.0 3,980 2.5 
Med Consultantst 69, 100 27.6 16% 2,880 6.4 11,600 26.4 54,600 33.9 
Im spec 23,000 9.2 1,340 “3.0 3,890 8.8 17,800 11.1 
Pediatric spec 6,600 2.6 973 2.2 1,150 2.6 4,480 2.8 
Dermatology 4,500 1.8 112 0.2 752 1.7 3,640 2.3 
Neurology , 7,000 2.8 112 0.2 1,170 2.7 5,720 3.6 
Psychiatry 28,000 11.2 343 0.8 4,660 10.6 23,000 14.3 
Non BC Surg 0 
Prof Serv Physt 47,000 18.8 1296 3,260 7.2 7,980 18.1 35,800 22.2 
Anesthesiology 14,500 5.8 287 “0.6 2,420 55 11,800 23 
Pathology 12,000 4.8 883 2.0 2,040 4.6 9,080 5.6 
Radiology 17,500 7.0 2,040 4.5 3,020 6.9 12,400 A 
Rehabilitation 3,000 1.2 56 0.1 501 Ld 2,440 1.5 


* Figures may not add due to rounding. 
f General Practitioners, Family Practitioners and Family Practice Internists. 
t These figures include active board certified specialists plus their Residents in training. 
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meet acceptable manpower goals in surgery or other 
specialties involves two interrelated control mechanisms. 


. These two controls are mutually dependent, and must be 
enforced simultaneously. They are, first, a limitation on 


those who practice those specialties to personnel who can 
display acceptable credentials and, second, a firm control 
on entry into the residency system in those specialties. 

There can be no effective enforcement of a constraint 
on residency openings in the hospital-based specialty 
fields until there is an effective limitation on the practicing 
privilege to those who have completed the training 
program. Then, once the practicing privilege is limited to 
those within the manpower constraint, it would be 
politically possible, through residency review boards, to 
reduce the number of residency openings to a number that 
would permit the achievement of manpower goals. 

Thus, specialist practicing privileges, and residency 
training constraints, are intimately related. If residencies 
in the therapeutic specialties, often the most demanding, 
using the most expensive and highly technical facilities, 
and the most highly sought-after by patients, were 
severely limited while at the same time an unlimited 
number of physicians were permitted to practice those 
special procedures, national medical service would be 
thrown into chaos. 

These two control mechanisms—the practicing 
privilege and restraint on residency numbers— will be 
considered separately. 

A. Control of the Practicing Privilege. Attempts to 
control the practicing privilege have often been based on 
board examination, or fellowships in colleges and 
academies. Unfortunately, no society, professional group 
or board certifying agency, can control the activities of its 
non-members or non-diplomates. The American creden- 
tialling system has thus always coexisted with a group of 
self-taught practitioners who are outside any credential- 
ling or disciplinary control. This is a phenomenon not in 
any sense limited to surgery. It appears to be a cultural 
trait of American professional development that weakens 
any manpower constraints imposed by focused profes- 
sional organizations. 

Therefore, American specialty professions, most par- 
ticularly surgery, have been forced to rely upon hospitals 
for the quality judgments that constitute effective 
manpower limitation. Hospital trustees and public hospi- 
tal boards should have been agencies that restricted 
hazardous acts of special therapy requiring special skill, to 
those especially trained. Curiously enough, hospital 
regulation would be impotent to deal with credential 
enforcement in fields such as psychiatry, internal 
medicine, diagnostic radiology or primary care, which are 
practiced largely outside of hospitals. Since surgery 
requires a hospital for its practice, hospital control 
mechanisms are potentially effective. 
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The Joint Commission on Accreditation of Hospitals 
(JCAH) has a constituency involving several national 
agencies. It surveys and exerts an approval mechanism 
over about 60% of the hospitals in the country, but these 
are the larger hospitals and include 80-90% of the acute 
hospital beds. Until recently, the JCAH has focused 
much of its attention on hospital structure and facilities, 
rather than staff capability. The JCAH appears to be 
moving to a much stronger credentialling posture not only 
in surgery, but in all of the specialties involving special 
skill or hazard if misused. Such controls instituted by the 
JCAH often produce stresses within the Commission 
itself because of constituencies that would prefer to 
maintain an open enrollment of specialists on hospital 
staffs without reference to training. It appears likely that 
the Joint Commission will take stronger steps in the 
interest of protecting the public.* Such contrcls are often 
distasteful to staff members because of the records which 
must be kept and made available to the Joint Commission, 
describing tlie specialist’s work performed auring the 
prior year but are essential. | 

Although not active in this field in the past; additional 
support to raise hospital standards could come from third 
party payors such as Blue Cross and Blue Shield, or from 
large agencies such as pre-paid group practices, the 
Veteran's Administration, Medicare and Medicaid. Pres- 
sures from those third party payors should be exerted 
through the JCAH, rather than setting up a parallel, or 
over-lapping hospital approval agency. Any such increase 
in defined standards for specialist training in practice 
would support the concept of manpower goal achieve- 
ment. | 

Whatever mechanisms are involved, it would appear 
preferable that they be initiated in the voluntary sector and 
that support be given to institutions now available, such as 
the Joint Commission, rather than attempting to replace 
them by a new federal bureau. At a time when this matter 
is at the forefront of public attention and legislative 
consideration, surgeons and all therapeutic specialists 
who are hospital-based should emphasize to legislators, 
the public, and media that it would be quite inappropriate 
to limit training numbers of highly specialized personnel, 
so severely needed by patients with life-endangering 
disease, without at the same time limiting the privilege of 
practice to those who have completed such*training. 

B. Limitation of Residency Numbers through a Na- 
tional Review and Allocation Plan. Once the public is 
assured that there will be an increased firmness of 


* Current. pressures on the JCAH, including subpoena of its 
confidential records, are symptomatic of the current public challenge of 
the adequacy of JCAH survey procedures. À stricter JCAH posture on 
credentialling services, and on the practice privilege in hospitals, would 
greatly strengthen its public acceptance. 
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discipline in granting the privilege of specialty practice, 
then limitation of training for those specialties, becomes 
appropriate. The limitation of initial residency enroll- 
ments for specialty fields including surgery, might best be 
carried out through a national residency allocation plan 
initiated by a broad voluntary agency national in scope, 
and basing its recommendations on data provided by the 
separate manpower study agency already described. Any 
limitation of initial residency enrollments can only be 
implemented through a mechanism that embraces all of 
the specialties and cuts across conventional professional 
lines. 

The Coordinating Counsel of Medical Education 
(CCME) or one of its subsidiary committees would be the 
logical agency to carry out this important national 
function. Possibly it would be most appropriate for the 
Liáson Committee of Graduate Medical Education 
(LCGME) to take on this function through the 
mechanisms of a residency control task force. Public 
pressures are strong for residency limitation, and it 
appears clear that most training program directors will 
cooperate and reduce their residency cohorts appro- 
priately, so long as they are assured that other hospitals 
and other fields of specialty practice are following the 
same general guidelines. 

3. Implications of Elimination of Borderline as Versus 
Highly Integrated University-Type Residencies. The 
elimination of borderline residency programs in medical 
specialty fields that have rarely produced successful 
candidates for examinations, while supportive of the 
public interest in quality maintenance, will have little 
implication for total manpower. It has been estimated that 
the elimination of about one-sixth of the total surgical 
residency slots in the country could be carried out 
immediately, and with very little manpower implication, 
since so few surgeons emerge from these programs who 
are successful in the examination procedure. Elimination 
of these programs would nontheless avoid the exploitation 
of training candidates, particularly FMG who are often 
misguided in applying to such programs. An additional 
one-sixth of surgical training programs might be cut 
severely, with only a minor impact (estimated 10%) on 
total board certification rates. It is thus evident that all 
training programs, including those in University Hospi- 
tals, must share in these reductions. As mentioned above, 
it appears that the hospitals will cooperate with such a 
program, so long as there is an assurance that a viable 
national program is being enforced. 

4. Hospital Workload Implications of Reduced Resi- 
dency Enrollment. A concern is often expressed that 
reduction of residency enrollment by 30% will have an 
adverse effect on patient care in surgical services, and in 
other specialty areas, e.g. cardiology, psychiatry. Such a 
concern only applies to that group of approximately 2,000 
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hospitals that have residency training programs in the 
therapeutic specialties. For the remaining 5,000—6,000 
hospitals, residency reduction would clearly have no 
effect. Indeed, the manner in which those hospitals have 
handled their emergency workloads can well serve as a 
model for those in which residency reduction will be 
implemented. Anincreased number of residency openings 
in general practice and family practice should provide 
some manpower for emergency ward and ambulatory care 
units that have formerly relied on highly specialized 
training personnel. 

In those hospitals where the residents provide 85 —9596 
of all the specialty therapeutic procedures in medicine and 
surgery, the impact of reductions in the range of 30—40% 
could be severe. This would be keenly felt in tax- 
supported municipal city and county institutions, espe- 
cially those dealing with inner-city population where the 
entire therapeutic program of a hospital is essentially 
carried out by the resident staff. To fill the gap imposed by 
residency reduction, there should be rotational atten- 
dance by visiting staff, and the development of a more 
effective program from highly trained nurses and other 
allied health personnel. Most importantly, the adminis- 
trators and trustees of those hospitals would have to 
consider a more aggressive program of avoiding the dupli- 
cative administrative and non-clinical work placed on 
the shoulders of young physicians. While hospital trustees 
and administrators often greet the concept of reduced 
residency cohorts with affirmative feelings based on 
hospital economics, they may be unaware of the severe 
obligation this involves to streamline the ordinarily bulky, 
reduplicative, and noneducational functions carried out 
by young men and women in training. 

Where training programs have very large numbers of 
FMG enrolled, a 12526 residency limitation would clearly 


impose a hardship that would require a realistic solution: 


by administrators and trustees. 


Is New Federal Legislation Required to Limit 
Specialty Residency Enrollment? Pressures 
and Counter Pressures 


1. Medical Manpower Organization and Discipline; 
Record in the Voluntary Sector. Regulation of the 
conditions of medical practice in the United States, by 
voluntary National Health Agencies, Colleges, 
academies and boards, can be traced back over 100 
years. Although it has often been considered unlikely that 
voluntary National Health Agencies, colleges, 
academies and boards, can be traced back over 100 
residency openings in hospital based specialties including 
surgery, the record of voluntary agency control in the 
United States is impressive. The foundation of National 
Colleges and Academies which have strengthened post- 
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graduate education goes back to the latter half of the 
ninteenth century. The development of the concept of 
national credential examinations for practitioners in the 
specialties began with the founding of the Ophthalmology 
Board in 1916 and has been strengthened over the past 40 
years by the founding of many other examining agencies of 
the American Board type. The establishment of national 
undergraudate examination procedures, such as the 
National Board of Medical Examiners, the establishment 
of the Joint Commission on Accreditation of Hospitals, 
and current exploration of self-assessment examinations, 
re-examination, and recertification all are accomplish- 
ments within the voluntary sector of the medical estab- 
lishment. Possibly most impressive is the opening of 
25 new medical schools in the past few years, and the 
enrollment of many more women and minority students in 
the medical school classes. While the federal government 
can rightly claim some credit for stimulus to the formation 
of new medical schools, most of the credit goes to state 
funding and voluntary sector initiation of new enrollment 
and recruitment policies. 

Shortcomings of the voluntary sector are highlighted by 
the current difficulty in selecting or designating a 


quasi-public agency with broad representation, to take the 


leadership and do the job. While it appears likely that a 
voluntary agency such as the CCME could effectively 
organize a mechanism to implement residency contraints 
in some fields and expand recruitment in others, there is 
urgent need at this time for the creation of such an agency 
with a suitable constituency. It should take a leadership 
position in this field, enlisting the cooperation of the 
various American Boards and Residency Review Com- 
mittees, to initiate necessary steps in residency constraint 
before the initiative Is seized by new legislation from the 
federal government. 

2. The Federal Record in Medical Manpower Control, 
Organization, and Discipline. Federal involvement in 
medical care policy in the United States is of recent origin. 
With the exception of the Armed Services Medical Corps 
and early steps for the care of veterans of the Civil War, 
federal involvement was minimal until the period im- 
mediately following World War II. Since that time so 
much has been attempted by the federal bureaucracy in 
the medical sector, that any meaningful analysis must 
consider separately the steps taken in education, re- 
search, veteran’s medicine, public health service, the 
Armed Forces, and categorical disease care. There is not 
space here to review the record of the federal government 
in all these areas; its great strength lies in the vast amount 
of money that can be devoted to these purposes when the 
federal tax dollar is enlisted by congressional action. 

The shortcomings in the federal sector include many 
aspects. Of special note have been seemingly capricious 
changes in funding policy, often undertaken without 
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warning and according to changes in political leadership, 
inefficient utilization of medical manpower, a tendency to 
favoritism in the granting of funds, sudden transfer of both 
upper and lower level personnel from ongoing programs 
with associated drastic changes in program implementa- 
tion. There has been a gradual change from a free system 
of research grants to universities, to a strict government- 
controlled contract system of research funding with 
narrow objectives. The Veteran's Administration, the 
largest single medical undertaking of the federal 
government, originally needed by a very large population 
of veterans, has become increasingly focused on 
hospital-based specialties, without primary care, serving 
only one age group and primarily one sex, with a minimal 
emphasis on ambulatory or continuing care, and without 
availability to the general public for personnel suffering 
from chronic crippling disease. 

The establishment of fiscal penalties,, methods of 
enforcement, incentives and disincentives based on 
preferential repayment of loans, and an attempt to bias the 
distribution of young people by fiscal attraction, form a 
part of several current manpower bills. Evidence from the 
SOSSUS study suggests that fiscal motivation has been 
only a minorfeature of career choice or locale selection by 
young people entering medicine. Even were it to be true 
that young physicians were largely motivated by fiscal 
drive, they have available to them few sources of 
information that would tell them which speciality or which 
geographic area was most profitable. In some areas of the 
country, for example, where surgical workloads and 
income are at the maximum, there is still a shortage of 
surgeons. 

Rather than fiscal, incentives of young physicians 
appear largely to be based on a desire to be useful, to 
perform needed services in a satisfactory setting, and to 
undertake family living in an attractive and familiar locale. 
In the case of at least one large professional field, fiscal 
rewards are readily obtained at a very high level within 
only three years after graduation from medical school, yet 
the national residency record in that field is one of very 
minor recruitment of USMG and a current residency 
enrollment of almost 60% FMG. Fiscal motivation on the 


basis of Federal rewards of money raised by general 


taxation, is clearly not going to be an important leverage 
on the location or specialty of young people entering 
medical service. 

Balancing off the record of the voluntary agencies with 
that of the federal government in professional regulation 
of medical personnel, the record on the voluntarv side 
appears to be superior to date. 

3. Is the American Credentialling System an Abondfe 
Basis for Residency Manpower Evaluation? Is a board 
certified specialist any more competent than his non-. 
board certified counterpart? This question has been raised 
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by TEE ET legislators and consumer aun: and may 
be heard with increasing frequency during the next few 
years of residency control. : 

It will never be possible to answer: euch. questions 
specifically or statistically because there is'no practical 
way to contrast the performance record of à largé number 
of credentialled personnel, with the performance record of 
a small cohort of non-credentialled personnel of 
heterogeneous training and origin, of different age groups 
and often practicing in contrasting localities. Such a query 
appears wasteful when compared with enone to'improve 
the present system. 

_Far more important than either, however, is to raise the 
associated question of what alternative might be offered. 
As indicated at the outset of this article, society will seek 
and professions should provide a system of education and 
credentialling. A highly coordinated system now exists in 
the United States, for this purpose. Such a system will 
never be perfect and one can never: be assured that all 
those passing examinations are expert or virtuous, or that 
all those failing are incompetent. The important thing is to 
establish an organized system, to examine it repeatedly 
and critically, and improve it constantly. The present 
system in the United States has taken at least 50 years to 
develop and is still growing, evolving.and changing 
Were new legislatión to establish a government bureau for 
this purpose it would require many. yeàrs to establish 

credibility and acceptability; its administration by persons 
inexperienced either in medical care or medical education, 
could be anticipated. | 

There is an urgent need for Publ: ‘industrial and 
consumer representation on national voluntary: agencies 
dealing with medical manpower. This societal need can be 
met by appropriate constituencies: in the voluntary 
agencies. Federal. takeover does. not automatically 
guarantee consumer representation. There is no assur- 
ance that a full-time federal employee will have any more 
concern for the public welfare than the professional 
establishment he is trying to regulate. An important 
historical parallel lies in the establishment of a National 
Health Service in Great Britain, during which period the 
Royal Colleges were strengthened and utilized as 
credentialling agencies, rather than being replaced or 
destroyed. | 

4. Will Residency Lipi dons: "Bewened to. Meet 
Manpower Goals, Encounter Legal: Obstacles at the 
Federal Level? There is historical precedent to suggest 
that when a professional group seeks to limit admission to 
its members, allegation of restraint-of practice or trade 
may be made unless there is a specific federal directive to 
‘that agency enabling it to fulfill the function.of manpower 
limitation in the public interest. Such a directive, or 
enabling act, provided to an agency: such as the 
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Coordinating Council on Medical Education, or a task 
force of the Liaison Committee on Gràduate Medical 
Education, would appear to. be an economical and 
valuable means of establishing suitable authority in a 
voluntary agency, without passing new legislation that 
establishes a new federal DUISDUSIRCY for the same 


purpose. 

The question posed: here cannot be answered defini- 
tively at this time, and any attempt to answer it will require 
important collaboration between the national regulatory 
agencies established by the voluntary colleges and 
academies on the one hand, and legal advice from the 
Department of Justice or Equal Employment Agencies of 
the government, on the.other. 

Whatever steps are taken at the policy level, itis clearly 
in the best interest of the country, patients everywhere, 
and the American professions in medicine, that we 
continue to recruit qualified medical graduates both from 
the United States and abroad, from all regional and fiscal 
backgrounds without respect to race, color, creed or sex. 
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Factors Related to Success 


or Failure of 
Second Renal Transplants 
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From January 1, 1968 to December 31, 1973, 50 patients received 
two or more kidney transplants. Patient and graft survival was 
highly dependent upon the source of the donor and to a lesser 
extent the functional duration of the first transplant and the 
elapsed time between first and second graft. Survival (patient and 
graft) was best in patients receiving two related grafts and worst in 
patients receiving two sequential cadaver grafts. Intermediate 
rates of success followed cadaver transplantation after rejection of 
a related graft. The highest failure rate was encountered when 
those patients who sustained an early loss of the first cadaver graft 
received a subsequent cadaver graft within a few months. We 
recommend removal of the acutely rejected graft and delay prior to 
retransplantation of patients who rapidly reject cadaver grafts in 
the face of maximal doses of immunosuppression. A delay. will 
permit recovery from both the immunosuppression and any 
underlying subclinical infections, and will permit the recognition 
of anti-HL-A antibodies which may not be manifest soon after 
rejection. Retransplantation of the patient who is slowly rejecting 
the first kidney does not require prior removal of the rej jected graft 
or delay in MEE 


R^* TRANSPLANTATION has become an accepted 
. and effective form of treatment for end-stage renal 
failure. Unfortunately, for a variety of reasons, it is not 
always. successful. Therefore, retransplantation after 
failure of the first graft is. common. The purpose of this 
report is to review the results of all multiple renal 
transplants at the University of Minnesota Hospitals from 
January of 1968 through December of 1973. All patients 
have been followed for a minimum. of 18 months and the 
longest dike is 7¥2 years. 
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. Materials and Methods 
"From January 1, 1968.to December 31, 1973, 446 
transplants were performed in 385 ‘patients. at the 
University of Minnesota Hospitals. During this period of 
time, 50 patients received second transplants and sub- 
sequent grafts. The standard operative techniques and 
immunosuppressive regimen have been previously de- 
scribed and do not differ from the procedures followed for 
first transplants.? Briefly, azathioprine (5 mg/kg/day) is 
begun on the day:of.surgery and tapered to maintenance 
levels of 2.0—2.5 mg/kg/day; prednisone is begun at 2. 0 
mg/kg/day and tapered to maintenance levels of 0.25—0.33 
mg/kg/day. Beginning on the first postoperative day, 30 
mg/kg/day of antilymphoblast globulin (ALG) is given for 
14 days with each dose being dependent upon daily 
platelet. counts. ‘Goat ALG is used with the- second 
transplant instead of horse ALG even though sensitiza- 
tion to the latter i is not demonstrable in the vast majority of 
patients. The above immunosuppressive regimen is used 
on all patients except HL-A identical sibling transplants in 
which initial: prednisone doses of 1 mg/kg/day and ALG 
doses of 20 mg/kg/day are used. The graft is irradiated (150 
rads treatment) on day one, three and five postoperatively 
in all except the HL-A identical sibling recipients. All 
patients : had undergone bilateral nephrectomy and’ 
splenectomy prior to transplantation. The second trans- 
plant was almost always performed on the opposite side of 
the first, either after removal of the. first graft (most 
common) or. with the first graft in place. When the first 
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graft had been removed, immunosuppression was stopped 
and the patient was maintained on hemodialysis until 
retransplantation. Patients in whom the first graft was not 
removed were kept on maintanance levels of immunosup- 
pression. and retransplanted before dialysis became 
necessary. Only three patients had their second transplant 
at the same site as the first graft in conjunction with 
removal of the first graft via the same wound. Rejection 
episodes were treated with 20 mg/kg methylprednisolone 
I. V. per day for 3 days, plus increases in the prednisone 
dose and graft irradiation as previously described.? Three 
patients received their initial grafts elsewhere and 47 
patients underwent initial transplantation at the University 
of Minnesota Hospitals. 

The serum of prospective kidney transplant recipients 
was examined for the presence of cytotoxins by the simple 
microtoxicity test of Amos and associates as modified by 
ourselves,! plus the modification instituted at the National 
Institutes of Health, which requires cell washing before 
addition of complement. Reactivity against lymphocytes 
of more than 15% of the donor cells was taken to indicate 
the presence of cytotoxins. Transplantation was never 
carried out when cytotoxic antibodies to donor leukocytes 
were detected. 

The screening panel consisted of cells from 18 persons 
selected from 120 donors to include all the HL-A and W 
specificities known, as follows: 

First-locus antigens: HL-A1 on the leukocytes of five 
panel members, HL-A2 in eight, HL-A3 in six, HL-A9 in 
four, HL-A10 in four, HL-A11 in three, W28 in one, and 
W19 in four. 

Second-locus antigens: HL-A7 in three, HL-AS in 
four, HL-A12 in four, HL-A13 in one, W5 in four, W10in 
three, W14 in one, W15 in two, W16 in one, W17 in two, 
W18 in one, W22 in two, and W26 in one. 

HL-A identity refers only to phenotypic identity since 
genotyping was not routinely carried out. Genotypic 
identity or mixed lymphocyte culture non-reactivity was 
not checked. Early in this series of patients, sera were not 
tested and only a relatively few specificities could be 
recognized. Therefore, some of the tissue typing data is 
incomplete by current standards. 

The 50 retransplanted patients were divided into four 
groups depending on the source of their donor. Group 1 
consisted of those patients in which both grafts were from 
living related donors. Group II consisted of those who 
first received a cadaver kidney and then subsequently a 
related kidney. Group III consisted of those who first 
received a living related kidney and subsequently a 


cadaveric graft. Group IV consisted of those patients in 


which both grafts were of cadaveric origin. Within these 
major groups second graft success was correlated with: (a) 
The cause of initial graft failure; (b) The duration of initial 
graft function: (c) The interval between transplant 
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Fic. 1. Patient survival and transplant function of related transplants in 
patients who have rejected a first related transplant (Group 1). The 
detailed patient information is summarized in Table 1. All causes of 
patient death and kidney loss including patient death are included. All 
patients have been followed for a minimum of 18 months and absolute 
results are depicted until that point. The life-table technique of Merrill 
and Shulman? was used to calculate the curves after the 18-month period. 


nephrectomy and retransplantation; (d) Age; (e) Sex; (f) 
HL-A typing; (g) Presence or absence of cytotoxic 
antibodies; (h) Other patterns related to prognosis of the 
second graft. 


Results 


Results of second transplants in patients receiving both 
grafts from relatives (Group 1): Fifteen patients comprise 
this group (Table 1) and the results are summarized in Fig. 
1. The mean age was 20.9 years with a 6—42 year age 
range. All patients have been followed at least 18 months 
and the absolute patient survival at 18 months is 87% and 
the absolute survival of functioning transplants is 80%. No 
grafts have been lost in any patient followed for more than 
18 months up to 74 years. This result is equivalent to the 
survival of first relative transplants at our center (Table 5). 

The detailed aspects of these patients are noted in Table 
1. All these patients are young, the oldest being age 42. No 
sex predominates. All received the second transplant 
within four months of the loss of the first. The eleven 
patients who rejected the first kidney are doing as well as 
the four patients with techriical loss of the first kidney. 
Only three patients (Cases 5, 6, 11) lost their first HL-A 
identical sibling first kidneys from technical failures or 
rejection; all the other recipients lost mismatched related 
kidneys. Only three recipients (Cases 1, 4, 15) received 
HL-A identical second transplants and all are well with 
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TABLE 2. Fate of Patients and Kidneys after Loss of First Cadaver and Receipt of Related Kidney (Group 2) 
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good function. Only one patient (Case 9) received a 
second graft sharing HL-A antigens with the first kidney 
donor which the recipient did not share (HL-A1)—he is 
well four years later. 

Of 15 patients who lost their first kidneys, only one 
(Case 1) developed antibodies to the panel of 18 and he is 
well after his 2nd transplant. Of the 10 patients who did not 
develop antibodies between first and second transplants, 
only one (Case 13) lost his second kidney from rejection. 
Therefore, no conclusions can be drawn concerning the 
presence or absence of cytotoxic antibodies. 

One of the two diabetic patients is well after a second 
transplant, the other died of a myocardial infarction after 
the second transplant. Only one nondiabetic patient died 
after the second graft when the graft ruptured from an 
accelerated rejection and lethal hemorrhage ensued. One 
second graft was removed at four months because of 
chronic rejection. This patient is alive and well on 
hemodialysis. All of the remaining patients (12/15) are 
alive and well with functioning grafts. Eight patients 
retained the first grafts for more than 150 days. All 8 are 
well with second kidneys. Seven patients retained the first 
graft for less than 4 months, and only four are well with 
second grafts. 

Results in second related transplants in patients losing 
a first cadaver transplant (Group 11): These three patients 
are listed in Table 2. Two of the three patients are well 7 
years and 3 years after second transplants but one patient 
died on dialysis after rejecting the second transplant. 

Results of second transplants in patients losing first 
related kidneys and receiving second cadaver transplants 
(Group III): The 14 patients who comprised this group are 
listed in Table 3 and the results of transplantation | are 
summarized in Fig. 2. The mean age of this group is 31.4 
years with a range of 4—51 years. All patients have been 
followed at least 18 months and the absolute patient 
survival at 18 months was 9396 and the absolute graft 
survival at 18 months was 57%. Two patients died 
subsequent to the 18th month but both of these patients 
had lost their kidneys early after transplantation and died 
on dialysis. Consequently, there have been no losses of 
kidney function since 24 months after transplantation. 
Thus, the actuarial curves in Fig. 2 are probably 
representative of the subsequent course of these patients. 
The results are equivalent though slightly inferior to 
results of the first cadaver transplants at this center 
(Table 5). 

The detailed aspect of these patients are noted in Table 
3. All these patients are relatively young even though they 
are older than the patients in Group I who received two 
related kidneys. There are two children in this group, the 
same as in Group I. Nevertheless, only two patients in this 
group were older than 45, a group which we have 
previously stated was a high risk group for cadaver 
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Fic. 2. Patient survival and transplant function following cadaver 
transplantation after loss of first related kidney (Group 111). The detailed 
patient information is summarized in Table 3. All causes of patient 
death and kidney loss including patient death are included. All patients 
have been followed for a minimum of 18 months and absolute results are 
depicted until that point. The life-table technique of Merrill and 
Shulman® was used to calculate the curves after the 18-month period. 


transplantation. Both of these patients are currently 

well, one with a third kidney and one with the second. 

Only two patients in this group were diabetic and both 

died after second transplant failures. 

Ten patients lost their first kidneys from rejection. Of 
these 10, 6 are well with second grafts. Of three patients 
who lost their first kidneys from technical failures, one is 
well with a second kidney and one with a third kidney. The 
one patient who developed recurrence of steroid resistant 
nephrotic syndrome as the cause of the first kidney loss, is 
well with his third kidney. He either rejected or developed 
recurrence in his second transplant. Thus, the. cause 
of the first kidney loss had no apparent effect on the 
loss of the second kidney in this group. 

Three patients received second transplants with poorly 
functioning transplants in situ. These three patients are all 
well with. their second transplant. Thus, one need not 
remove long tolerated but rejected grafts. 

_ Seven first transplants were tolerated more than 120 
days. After retransplantation, 6 of these patients are well 
and 5 have functioning second grafts. In contrast, 7 

patients lost their first transplants in less than 100 days. 

` Only two of these 7 patients have functioning second 
kidrieys. Though it is impossible to state from this group 
that a cadaver transplantation after an acutely rejected 
first related transplant is an unacceptable combination, 
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the longer the first transplant functioned the better were 
the second transplant results. 

The very high incidence of wound infection in this group 
is disturbing. The wound sepsis occurred in three patients 
who received a second transplant after acutely rejecting 
the first transplants. Both kidneys placed in the wound of 
the last kidney were lost due to wound infections. The 
fourth infection occurred in patient 22 who tolerated his 
first graft of three years and was retransplanted within 60 
days of removal of his first transplant. 

Of the 10 patients who rejected their first kidneys, six 
(Cases 21, 22, 24, 26, 29, 32) had antibodies to the panel 
prior.to their second transplant. Of these patients, two 
(Cases 24, 32) are well, two (Cases 21, 26) died of sepsis 
and two (Cases 22, 34) lost their second transplant from 
wound sepsis. Ín no instance was there a loss of the 
second transplant due to rejection in the antibody positive 
group. The four patients (Cases 20, 23, 27, 31) who did not 
develop anti/HL-A antibodies, but lost their first trans- 
plant from rejection, are all well following the second 
transplant. Of the four technical failures, three were not 
presensitized and one was not tested. One of the three is 
well, one rejected the second transplant and one lost the 
second transplant from wound sepsis. Therefore, the prior 
development of anti-HL-A antibodies was not associated 
with rejection of a second transplant, as long as the 
cross-match against donor leukocytes was negative. 

Results in second cadaver transplants in patients losing 
a first cadaver transplant (Group IV): Eighteen patients 
comprise this group (Table 4) and the survival of patient and 
kidney 1s noted in Fig. 3. All patients have been followed 
atleast 18 months so that the absolute 18 month survivalin 
this group is 45% and the absolute kidney survival is 
27.9%. There has been considerable loss in both patient 
and kidney since the 18th month so that the actuarial 
statistics might be a less accurate reflection of the ultimate 
course of this group of patients. The results, however, are 
much worse than cadaver transplantation of first kidneys 
in our series (Table 5). 

The mean age in this group ts 35.4 years (range 5—55 
years) but 9 patients were over 45 years of age. Of these 9 
patients, 7 are dead, 5 of sepsis after the second 
transplant, one of ruptured aneurysm and one died on 
dialysis 18 months after transplant nephrectomy. Only 2/9 
of the patients older than 45 years are well with second 
transplants. Age did not cause the poor results in this 
group since the three children x12 years of age all lost 
their second kidneys; one is well with her fourth kidney. 
Only five patients are in the ideal age group for cadaver 
transplantation. Even in the ideal age group, only one 
patient is well with the second kidney. Only one diabetic 
was in this series. Two of the 8 females and one of the 10 
males retained the second kidney. Thus it appears that 
neither age, sex, nor pre-existing disease accounts for the 
poor results in this group. 
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36 


IB 24. : 
Months Posttransplant 


86 |? 48 


Fic. 3. Patient survival and transplant function in patients receiving two 
successive cadaver kidneys (Group IV). The detailed patient informa- 
tion is summarized in Table 4. All causes of patient death and kidney 
loss including patient death are included. All patients have been followed 
for a minimum of 18 months and absolute results are depicted until that 
point. The life-table technique of Merrill and Shulman® was used to 
calculate the curves.after the 18-month period. 


- The loss of all but one óf the first kidneys in this group 
occurred less than 6 months following transplantation and 
I2 of the 18 patients lost their first graft less than three 
months following: transplantation. Eight of these 12 
patients subsequently rapidly rejected and lost the second 
graft. Only two patients of those who rapidly rejected their 
first cadaver graft have functioning second grafts. Thus, it 
appears that early loss of the first cadaveric graft from 
rejection predicts that a similar event will occur with 
retransplantation from a cadaver donor. Rapid loss of the 
first kidney due to technical problems did not improve the 
fate of the second kidney. Similarly, the duration between 
transplant nephrectomy and: E did not 
séem important. 

' -It would appear that ieri isno information to be gained 
by noting occasional sharing of antigens between the first 
and the second donor. It is interesting, however, that all 
second: transplants were badly matched: Even the three 
patients with excellent function in second transplants 
shared a total of one antigen with the donor of the second 
transplant; three patients who rejected the second 
transplant shared two or three antigens with the second 
' donor. 

- Of the three hyperacute rejections of first transplants in 
this group (Cases 38, 45; 46), two patients were tested for 
presensitization prior to second transplant. In both cases, 

- the high degree of responsiveness to the panel was present 
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(100% and 83%) and both of these second transplants were 
rejected. Ten patients lost the initial transplants from 
rejection. Of these, two develóped antibodies prior to the 
second transplant, three did not and five were not tested. 
Of the two panel responsive patients, one (Case 48) is well 
and one rejected his second transplant. Of the three panel 
unresponsive patients, two rejected the second transplant 
and one died of sepsis without rejection. Therefore, with 
the exception of hyperacute rejections, presensitization to 
a panel of unrelated leukocyte donors did not predict 
subsequent rejection in this group. | 

Subsequent transplants after loss of the second 
transplant: Five patients in these four groups received 
third transplants. The two patients in Group 3 that 
rejected their second transplant received cadaver grafts as 
a third transplant and are doing well. Both successful 
transplants followed the second ANEY by more than a 
year. 

The other three patients who received third or Dat 
grafts were in Group 4. One patient is doing well with a 
fourth cadaver transplant after technical losses of the first 
three cadaver grafts related to a hypercoagulable state. 
Two patients received a living related transplant as the 
third transplant after rejecting the first two cadaver grafts. 
Both of these grafts were lost secondary to rejection 
within a short time, one being a hyperacute rejection. 


Discussion 


The outcome of patients with multiple grafts has been 
reported to be influenced by the source of the donor.”*5 In 
our experience, graft and patient survival is best when the 
patient received both transplants from a living related 
donor. Conversely, the worse results were obtained when 
both grafts were of cadaveric origin. with intermediate 
results when the patient received a living related graft 
followed by a cadaveric graft. The Renal Transplant 
Registry" reported similar data (1.e., the best results were 
obtained when retransplantation was performed with 
living related donors and poor results were obtained when 
retransplantation was performed with cadaver donors) 
but dissimilar in that it seemed to make little difference 
whether the first graft was from a cadaver source or a 
related source. 


| TABLE 5. Transplant F unction l 8 Months A fter Fi irst 
X... or Second Transplants* (1968—1973) 


Second 12/15 (80%) 


Group 1 
transplants . Group 2 2/3 (6790) : 
y Group 3 . | - 8/14 (5796) 
Group 4- 5/18 (27.9%) 
First Relative donor . 185/232 (80%) 
transplants Cadaver donor : 89/139 (64%) 


* All patients have been followed a.minimum of 18 months. All causes 
of kidney loss including death are included. All patients regardless of 
primary ia disease are ‘included. 
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- Certain groups of patients have been classified as ''high 
risk’’ patients for renal transplantation; namely older 
patients who receive cadaver allografts,!*!* anti-HL-A 
antibodies to over 15% of a randomized panel,” a history 
of gastro-intestinal bleeding, diabetes mellitus,’ related 
transplants in patients over 55 years of age and extreme 
Obesity.!9 Though the oldest patients received successive 
cadaver transplants, the results were equally bad for all 
ages in Group 4. Furthermore, diabetes mellitus was 
present in only one patient in Group 4, and a history of 
gastrointestinal bleeding was not present. Presensitiza- 
tion may be a major factor, but, urilike the report of Opelz 
and Terasaki, HL-A antibodies to more than 15% of our 
panel cannot be shown to play an important role in the 
failure of transplaniation in our series.! It is possible, 
however, that undetectable presensitization may play a 
major role. 

There are two previously published large series of 
second transplants from large transplant centers which are 
interesting for comparison.??5-? Neither series relates the 
outcome of the second transplant to the donor of the first 
kidney though both demonstrate that second transplants 
(especially cadaver transplants) do less well than do first. 
The Denver group??5 draws several conclusions from 
their data with which we generally agree: (a) relative 
kidneys do better than cadaver kidneys; (b) relative 
second transplants survive almost as well as do relative 
first transplants; (c) unrelated second transplants survive 
less well than do unrelated first transplants; (d) the longer 
the period of time between the first transplant and the 
second transplant, the better the survival. This last point 
seems, in our series, to be related to prolonged function of 
the first transplant. As suggested by the Denver group, 
success may be presumed to be due to prolonged 
immunosuppression or the selection of a special subgroup 
of patients who chronically reject allografts without 
"dramatic acute rejection episodes." We can further 
define a subpopulation who accept second transplants 
poorly, i.e., patients who acutely reject their first 
transplants. This is more readily seen in Groups 3 and. 4 
where the early loss of the first kidney resulted in very 
poor results after second transplantation. Two conse- 
quences of acute rejection of the first transplant may be at 
work here: (2) Acute rejection may designate a group of 
immunologically competent patients who hàve a 
heightened capacity to reject histoincompatible grafts. 
This capacity may be related to serologically undetectable 
degrees of presensitization to graft antigens. (b) Such 
patients have been subjected to large amounts of 
immunosuppression in attempts to maintain function in 
the first transplant, and may thus be susceptible to a high 
incidence of wound infection seen in Group 3 and in 
systemic sepsis seen in Group 4. We. recommend that 
patients who rapidly reject first transplants have their 
transplants removed and immunosuppression stopped. 
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Retransplantation should then be delayed to: permit 
recovery from any underlying infection plus the toxic 
effects of high doses of immunosuppressive : drugs. 
Paradoxically, delay will also pérmit the development of 
recognizable levels of anti-HL-A. antibodies. Failure to 
recognize presensitization to HL-A antigens. may be 
responsible for repeated rejection reactions. 

An.alternative approach to the second transplant i IS that 
advocated by Kountz and Belzer.5? They do not find any 
difference between donor kidney relationship and survival 
of the kidney: except for the superiority of the HL-A 
identical sibling-donor. They do not find that second 
transplants from cadaver donors do significantly worse 
than first transplants from cadaver donors. The differ- 
ences between the Minnesota and Denver series and that 
of Kountz and Belzer may be related to the differences in 
management of the acutely rejecting first transplant. 
Kountz and Belzer suggest that such patients should have 
kidneys promptly removed without persistant im- 
munosuppressive attempts to salvage the first kidney. In 
contrast, we usually make three serious attempts to 
salvate the first kidney; the result may be either a greater 
degree of sensitization to undetectable histocompatibility 
antigens, and/or a greater degree of immunosuppression 
which sets up the patient for infection. This may account 
for our very poor results in patients -with cadaver 
transplants who have rejected their first cadaver trans- 
plant, ie., that we select only those patients for 
retransplantation who have had major rejections in the 
face of maximal immunosuppression. Kountz and Belzer 
do not continue to use heavy doses of immunasuppression 
when the kidney appears to have a poor prognosis but 
remove it rapidly and retransplant. ` 

Although performed only three times in this series, we 
prefer not to. Tetransplant at the time of transplant 
nephrectomy via the same wound. Two of the three 
patients developed wound sepsis with loss of the graft. 
The success of Kountz and Belzer in using this technique 
may be related to the ease with which it can be performed 
in the early period after the first transplant when early mild 
rejection is the only complication in the first graft. If, 
however, multiple attempts to reverse rejection have 
taken place or the kidney has been in place for more than 
several weeks; it is simpler and safer to use the opposite 
iliac fossa for retransplantation. | 

Another problem after rejection is whether or not to 
remove the rejected kidney. We have now adopted the 
following attitude to the residual poorly functioning first 
transplant: Acute or subacute rejection with fever, pain, 
tenderness, or hypertension is an indication for transplant 
nephrectomy. In the abserice of these findings or other. 
obvious indications, retransplantation can be done with 
the first graft in situ. This is almost always possible in the 
group of patients with-chronic low grade rejection of 
relative kidneys. No infectious or hypertensive problems . 
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have occurred thus far from not removing the chronically 
rejected graft under these circumstances. Gustafsson,’ 
however, reported that four of 28 retained grafts had to be 
subsequently removed because of sepsis and for this 
reason acutely rejected grafts with the possibility of 
hidden infection should be removed, and the wound 
allowed to heal prior to retransplantation. 

In general, presensitization as determined by panel 
responsiveness was not predictive of subsequent trans- 
plant outcome in patients who lost first grafts from 
rejection or from technical reasons. Patients who rejected 
first transplants developed more antibodies than patients 
who lost their kidneys due to technical failures (8/18 vs 
1/14). However, such sensitization appeared to play little 
role in the ultimate outcome of the second transplant. 
Based on our data, we can neither support nor deny the 
role of non-specific presensitization to HL-A antigens on 
the survival of second transplants. 
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^ Announcing another PLEUR-EVAC advance: 


UNDERWATER-SEAL DRAINAG 


© Copyright 1976 by Krale 


Two independent Collection Chambers (Major & Mi- 
nor) are connected in parallel with the Suction Control 
Chamber and the Water-Seal Chamber. 

e Suction in both Collection Chambers is identical. 

e Water-seal protection in both Collection Chambers 

is identical. 

Each independent Collection Chamber (Major & Mi- 
nor) is equipped with a 6' length of rubber tubing for 
connection to patient's thoracotomy tube. 

* Major Collection Chamber is calibrated in 2 cc. in- 

crements up to 260 cc. Over 260 cc., calibrations 
are in 5 cc. increments up to 2400 cc. 


TWO COLLECTION CHé 





e Minor Collection Chamber is calibrated in 2cc. in- 
crements up to 260 cc. and in 5 cc. increments up 
to 600 cc. 


One Pleur-evac Unit fulfills the function of two with 
commensurate savings. 


Sterile and disposable, this new unit incorporates the 
three separate chambers (Suction Control, Water-seal 
and Collection) plus an additional Collection Chamber 
into a unitary construction. 


As with all Pleur-evac Units, you are assured of op- 
timum speed, safety and convenience. 


For a demonstration at your hospital, contact your local representative or write: 


K 


KRALE. 


Division of Deknatel, Inc. Queens Village, New York 11429 


PLEDGED TO CONTINUING RESEARCH IN CHEST DRAINAGE . 
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NC ONIN YZ Y, 
omprehensive, Quantitative Evaluation of Peripheral Vascular Disease 


.S.l. PULSE VOLUME RECORDER (PVR’) 


» 
irte rial The instrumentation has been proved a significant asset 


the management of peripheral vascular disease, providing reliable, quan- 
ative, clinical information previously available only through arteriography. 








Cerebral 
Vascular 


‘e LS.l. Clinical Vascular Laboratory is a direct outgrowth of the highly 


ccessful Vascular Laboratory estab- 
hment at Massachusetts General 
»spital. The procedure is based on 
e Pulse Volume Recorder (PVR^) 
veloped there and at MIT for the 
easurement of arterial and venous 
modynamics. 
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part of an extensively developed and clinically documented total technique for the 
ctional evaluation of peripheral vascular occlusive disease. The instrumentation is 
iable, built with solid state electronics, simple to use. There is no electrical contact 


h the patient. 
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5-point scale, devel- 
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Ophthalmic artery pressure is read 
directly on the OPG Attachment of 
the PVR. Ocular pulses at vacuum 
levels between — 300 mm Hg to 
0 mm Hg can be recorded for the 
evaluation of collateral circulation to 
each eye, and its respective cerebral 
hemisphere. 
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Ophthalmic Artery Tracing 
The OPG Attachment facilitates evalua- 
tion of Carotid Artery Disease. 
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The CLINICAL PROCEDURES for the 
Evaluation of Peripheral Vascular Dis- 
ease, based on the Pulse Volume Re- 
corder (PVR®) described herein, have 
been qualified for reimbursement for 
In- and Out-patients under: 


e Blue Cross ` 
ed at Massachusetts e Blue Shield 
neral Hospital, pro- e Medicare 
es quantitative criteria iLe e Veterans Benefits 
the identification of port [pont e Commercial 
reased deep venous Insurance Companies 
istance. THIGH CUFF 
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References, bibliography 
and details on request. 


Life Sciences Inc. | 


270 Greenwich Avenue : 
Greenwich, Connecticut 06830 U:S.A. 
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DAVIS+GECK 


New D-TACH Needles... 
the modern detachable needles 
for faster suturing. 





DAVIS+GECK intro- Needle frees the suture passage through tissue. 
duces D-TACH Needles— smoothly, easily... Speed up procedures 
the modern detachable every time. with D-TACH Needles, 
needle with the consistent New D-TACH Needles the modern detachable 
pull-off strength. A are extra-sharp, extra- needles. 


gentle pull on the D-TACH | strong...made of special 
steel alloys for greater 
resistance to bending. All 
receive E-Z Pass pro- 
cessing for smoother 
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American Cyanamid Company 
Pearl River, N.Y 10965 





Surgical 
Menopause 





The sign... 





The scar is obvious, but the chief concern of every premenopausal 
woman facing bilateral oophorectomy is that somehow, suddenly, 
she must face what might have been years away: the symptoms of 
the menopause. 


For many women this fear is a real one, because Surgical removal 
of the ovaries may bring about the abrupt onset of menopausal 
symptoms: hot flushes, sweats, palpitations, globus hystericus, and 
other symptoms due to estrogen deficiency. Moreover, such 
symptoms are often more severe than those that accompany the 
gradual estrogen decline of the physiological menopause. 


Relief can be prompt. For most women, estrogen replacement 
with PREMARIN (Conjugated Estrogens Tablets, U.S.P.) can begin 
shortly after surgery—right in the hospital. PREMARIN can minimize 
the intensity and duration of vasomotor symptoms such as flushes 
and sweats, and help tide the patient over this distressing period of 
physiologic adjustment. 


Relief can be long-term. Continued on acyclic basis after 
discharge, at minimum effective doses, PREMARIN may help retard 
or prevent many of the long-term sequelae of estrogen deprivation. 
particularly genital tissue atrophy and osteoporosis* 


PREMARIN. When the menopause is premature...and when it isn't 


*Conjugated Estrogens Tablets have been evaluated as probably effective for postmenopausal osteoporosis. 
oee Prescribing Information. 
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BRIEF SUMMARY 

(For full prescribing information, see package circular.) 
PREMARIN® Brand of 

CONJUGATED ESTROGENS TABLETS, U.S.P. 


Actions: Estrogens are responsible for development and 
maintenance of the female reproductive system and sec- 
ondary sex characteristics. They cause the growth and 
development of the vagina, uterus, and fallopian tubes, 
and enlargement of the breasts. Indirectly, they contribute 
to the shaping of the skeleton, maintenance of tone and 
elasticity of urogenital structures, changes in the 
epiphyses of the long bones that allow for pubertal growth 
spurt and termination, growth of axillary and pubic hair, 
and pigmentation of the nipples and genitals. Estrogens 
are also involved in psychologic and emotional aspects of 
feminine behavior. As estrogen levels increase during the 
menstrual cycle, there is a sense of vigor and well-being, 
and in the menopausal period estrogens aid in relieving 
nervous symptoms (e.g. anxiety, depression and ir- 
ritability) due to estrogen deficiency. Decline of estrogenic 
activity at the end of the menstrual cycle can bring on 
menstruation, although the cessation of progesterone se- 
cretion is the most i:nportant factor in the mature ovulato- 
ry cycle. However, in the pre- or non-ovulatory cycle, 
estrogen is the primary determinant in the onset of 
menstruation. Estrogens do not induce ovulation. 

Estrogens affect calcium and phosphorus metabolism, 
and are involved in maintenance of normal bone structure. 
In prolonged estrogen deficiency states, administration of 
estrogen acts to prevent associated bone degenerative 
changes. 

Estrogens appear to be responsible for the relatively 
greater amount of alpha-lipoprotein and correspondingly 
lower amount of beta-lipoprotein found in premenopausal 
women as compared with men. 

Estrogens affect the release of pituitary gonadotropins 
and may also deplete the gonadotropic content of the 
pituitary. 


Indications: Based on a review of PREMARIN 
Tablets by the National Academy of Sciences—Na- 
tional Research Council and/or other information, FDA 
has Classified the indications for use as follows: 

Effective: As replacement therapy for naturally oc- 
curring or surgically induced estrogen deficiency 
States associated with: the climacteric, including the 


menopausal syndrome and postmenopause; senile 
vaginitis and kraurosis vulvae, with or without pruritus. 
“Probably” effective: For estrogen deficiency-in- 
duced osteoporosis, and only when used in conjunc- 
tion with other important therapeutic measures such 
as diet, calcium, physiotherapy, and good general 
health-promoting measures. Final classification of 
this indication requires further investigation. 





Contraindications: Short acting estrogens are contrain- 
dicated in patients with (1) markedly impaired liver func- 
tion; (2) known or suspected carcinoma of the breast, ex- 
cept those cases of progressing disease not amenable to 
surgery or irradiation occurring in women who are at least 
5 years postmenopausal: (3) known or suspected 
estrogen-dependent neoplasia, such as carcinoma of the 
endometrium; (4) thromboembolic disorders, throm- 
bophlebitis, cerebral embolism, or in patients with a past 
history of these conditions; (5) undiagnosed abnormal 
genital bleeding. 

Warnings: Three separate studies have reported an in- 
creased risk of endometrial carcinoma in association with 
the postmenopausal administration of exogenous 
estrogens. Smith et a/! retrospectively compared the 
records of 317 patients with endometrial carcinoma with 
the records of an equal number of contrast patients having 
cervical, Ovarian, or vulvar neoplasms. The unadjusted 
relative risk estimate of endometrial cancer was 4.5 times 
greater in women exposed to estrogen therapy. The type of 
estrogen used, the preparation, and the dosage were not 
considered in this study. These factors may play a role in 
modifying the average relative risk found in this study. The 
authors also suggested that there may be a relationship 
between increasing risk and the duration of administra- 
tion; however, the data are not conclusive on this point. A 
second retrospective study reported by Ziel and Finkle? 
examined the records of 94 patients with endometrial car- 


cinoma and those of a two-fold contrast series from the 
same health plan population. The estimate of relative risk 
was found to be 7.6. In addition, the authors reported a 
relative risk estimate of 5.6 for a duration of exposure of 1 
to 4.9 years, and 13.9 for exposure of 7 or more years. In 
this study, conjugated estrogens were reported to be the 
type of estrogen used. Mack et a/? retrospectively studied 
63 cases of endometrial carcinoma and a four-fold con- 
trast group. The relative risk of endometrial carcinoma 
was estimated to be 8.0 for any estrogen usage, and 5.6 
for conjugated estrogen usage. The relationship between 
relative risk and duration of use could not be conclusively 
described from the data in the study. 

Estrogen therapy should not be given to women with 
recurrent chronic mastitis or abnormal mammograms ex- 
cept, if in the opinion of the physician, it is war- 
ranted despite the possibility of aggravation of the 
mastitis or stimulation of undiagnosed 
estrogen-dependent neoplasia 

The physician should be alert to the earliest manifesta- 
tions of thrombotic disorders (thrombophlebitis, retinal 
thrombosis, cerebral embolism and pulmonary embolism). 
If these occur or are suspected, estrogen therapy should 
be discontinued immediately. 

Estrogens may be excreted in the mother's milk and an 
estrogenic effect upon the infant has been described. The 
long range effect on the nursing infant cannot be deter- 
mined at this time. 

Hypercalcemia may occur in as many as 15 percent of 
breast cancer patients with metastases, and this usually 
indicates progression of bane metastases. This occur- 
rence depends neither on dose nor on immobilization. In 
the presence of progression of the cancer or hyper- 
calcemia, estrogen administration should be stopped. 

A Statistically significant association has been reported 
between maternal ingestion of diethylstilbestrol during 
pregnancy and the occurrence of vaginal carcinoma in the 
offspring. This occurred with the use of diethylstilbestrol 
for the treatment of threatened abortion or high risk preg- 
nancies. Whether or not such an association is applicable 
to all estrogens is not known at this time. In view of this 
finding, however, the use of any estrogen in pregnancy is 
not recommended. 

Failure to control abnormal uterine bleeding or unex- 
pected recurrence is an indication for curettage. 
Precautions: As with all short acting estrogens, the 
following precautions should be observed: 

A complete pretreatment physical examination should 
be performed with special reference to pelvic and breast 
examinations. Such physical examinations should be re- 
peated at regular intervals, at least annually, during 
estrogen therapy. 

To avoid prolonged stimulation of the endometrium and 
breasts in climacteric or hypogonadal women, estrogens 
should be administered cyclically (3 week regimen with 1 
week rest period — withdrawal bleeding may occur during 
rest period). 

Because of individual variation in endogenous estrogen 
production, relative overdosage may occur which could 
cause undesirable effects such as abnormal or excessive 
uterine bleeding, mastodynia and edema. 

Because of salt and water retention associated with 
estrogenic anabolic activity, estrogens should be used 
with caution in patients with epilepsy, migraine, asthma, 
cardiac, or renal disease. 

If unexplained or excessive vaginal bleeding should oc- 
cur, reexamination should be made for organic pathology. 


Estrogen usage may cause preexisting fibromyomata to | 


increase in size; therefore, patients should be examined at 
regular intervals while receiving estrogenic therapy. 

The pathologist should be advised of estrogen therapy 
when relevant specimens are submitted. 

Because of their effects on epiphyseal closure, 
estrogens should be used judiciously in young patients in 
whom bone growth is incomplete. 

Prolonged high dosages of estrogens will inhibit anterior 
pituitary functions. This should be borne in mind when 
treating patients in whom fertility is desired. 

The age of the patient constitutes no absolute limiting 
factor, although treatment with estrogens may mask the 
onset of the climacteric. 

Certain liver and endocrine function tests may be 
affected by exogenous estrogen administration. If test 
results are abnormal in a patient taking estrogen, 


they shoulc be repeated after estrogen has been with- 

crawn for one cycle. 

Adverse Reactions: The following adverse reacticns 

have been reported associated with short acting estrogen 

administration: 

nausea, vomiting, anorexia 

gastrointestinal symptoms such as abdominal cramps 
and bloating 

increased incidence of gallbladder disease 

breakthrough bleeding, spotting, unusually heavy 
withdrawal bleeding (See DOSAGE AND 

ADMINISTRATION) 
breast tencerness and enlargement 
reactivation of endometriosis 
possible diminution of lactation when given 

immediately postpartum 
loss of libido and gynecomastia in males 
edema 
aggravation of migraine headaches 
change in body weight (increase, decrease) 
headache 
allergic rasn 
hepatic cutaneous porphyria becoming manifest 
Dosage and Administration: PREMARIN (Conjugated 
Estrogens Tablets, U.S.P) should be administered 
cyclically (3 weeks of daily estrogen and 1 week off). 
There should be an annual reassessment of the patient to 
determine the need for continued estrogen therapy. This 
assessment may be assisted by lowering the dose and ob- 
serving the symptoms to determine correct maintenance 
dosage for continued therapy. 

Menopausal Syndrome-— 1.25 mg daily, cyclically. Ad- 
just dosage upward or downward according to severity of 
symptoms and response of the patient. For maintenance, 
adjust dosage to lowest level that will provide effective 
control. 

If the patient has not menstruated within the last two 
months or more, cyclic administration is started arbitrarily. 
If the patient is menstruating, cyclic administration is 
started on day 5 of bleeding. If breakthrough bleeding 
(bleeding or spotting during estrogen therapy) occurs, in- 
crease estrogen dosage as needed to stop bleeding. In 
the following cycle, employ the dosage level used to stop 
breakthrough bleeding in the previous cycle. In subse- 
quent cycles, the estrogen dosage is gradually reduced tc 
the lowest level which will maintain the patient symptom- 
free. 

Postmenopause—as a protective measure against 
estrogen deficiency-induced degenerative changes (e g. 
osteoporosis, atrophic vaginitis, kraurosis vulvae) —0.3 mg 
to 1.25 mg daily and cyclically. Adjust dosage to lowest 
effective level. 

Osteoporosis (to retard progression) —usual dosage 
1.25 mg daily and cyclically. 

Senile Vaginitis, Kraurosis Vulvae with or without Pru- 
ritus—0.3 mg to 1.25 mg or more daily, depending upon 
the tissue response of the individual patient. Administer 
cyclically. 

How Supplied: PREMARIN (Conjugated Estrogens 
Tablets, U.S.P) 

No.865—Each purple tablet contains 2.5 mg, in bottles of 
100 and 1,000. 

No. 866 —Each yellow tablet contains 1.25 mg, in bottles 
of 100 and 1,000. Also in unit dose package of 100. 

No. 867 —Each red tablet contains 0.625 mg, in bottles of 
100 and 1,000. Also in unit dose package of 100. 

No. 868—Each green tablet contains 0.3 mg, in bottles of 
100 and 1,000. 

References: 1. Smith, D.C., Prentice, R., Thompson, D.J., 
and Herrmann, W.L.: Association of exogenous estrogen 
and endometrial carcinoma, N. Engl. J. Med. 
293:1164-1167, 1975. 2. Ziel, H.K., and Finkle, W.D.: In- 
creased risk of endometrial carcinoma among users of 
conjugated estrogens, N. Engl. J. Med. 293:1167-1170, 
1975. 3. Mack, T.M., Pike, M.C., Henderson, B.E., Pfeffer, RJ., 
Gerkins, V.R., Arthur, M., and Brown, S.: Estrogens and en- 
dometrial cancer in a retirement community, submitted for 
publication. 7637 
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Estrogen replacement 
when it's needed most 


... PREMARIN 


CONJUGATED ESTROGENS 


TABLETS, U.S.P 
contains natural 


estrogens exclusively 


Smooth w 
to rough hit. 


Our natural-fiber, bulk-producing 
laxative is the easy way to give your patients 
the roughage they need. In constipation, 
whether simple or associated with such 
conditions as diverticular disease, irritable 
bowel syndrome or hemorrhoids, 
Metamucil leads to the soft life. 


The powder mixes with water or 
juices; the Instant Mix is citrus-flavored. 
cx AMA easy to take. 


 Metàmücil 


brand of 


psyllium hydrophilic mucilloid : 
Serio Laboratories. 


UJ 4s: .-Box5110, Chicago. Illinois 60680 
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CHANGE OF ADDRESS SIMPLE! QUICK! ACCURATEI 





Change of Address: Please allow 60 days 
before date of issue for change of address. 
Notification should include the old as well 
as the new address, with indication of 


whether the change is temporary or per- 
| PADGETT-HOOD 


ELECTRO - DERMATOME 


Gives uniform grafts up to 4 inches in 
width, and to any length. The Surgeon, 
using but one hand, can operate this 
lightweight instrument without assist- 
ance. EXPENDABLE KNIFE BLADE 
does not require tools. Handy switch is 
located on motor so that the Surgeon 
can control it with his index finger. En- 
tire unit can be autoclaved. Guaranteed, 


manent. Please give the name of the Jour- 


nal. 


Send Change of Address cards to: 


ANNALS OF SURGERY 


For Complete Information Write 


c/o Fulfillment Manager 


PADGETT DERMATOME DIVISION 
3953 BROADWAY/KANSAS CITY, MO. 64111 


East Washington Square 
Philadelphia, Penna. 19105 





The open chest. 


‘Another opening | 
for staph? 


Postoperative surgical infections is a particularly suitable agent. 

alve replacement: a procedure that can at Appropriate specimens for bacteriologic 
once sustain life and predispose to infection. — , studies to determine the causative organisms 
Although identification of the infectious and their susceptibility to nafcillin should be 
organism may be difficult, a delay in treatment taken prior to the first dose of antibiotic.t And, if 

ould result in invasion of the endocardium. . those studies subsequently implicate organisms other 

he implicated organism may be & penicillinase- than penicillinase-producing staphylococci sensitive 
producing staph. Progression can be swift to nafcillin, discontinue it and administer the appro- 
and devastating. priate antibiotic. ` 


Initial antistaph therapy: injection 

It's vitally important that effective treatment of Rapid penetration 

bacterial invasion begin as soon as possible. — "' Unipen appears rapidly in plasma following 
If you suspect the presence of staph and must intramuscular administration. Penetrates body tissues 
begin therapy before definitive culture results in high concentrations and diffuses well into pleural, . = 
are known, Iniection Linipen'* (nafcillin sodium) t pericardial and synovial fluid | 





"On call" capability 
Reconstitutes in less than 60 seconds. Remains 
stable for 24 hours.+ 


Follow-up therapy: oral 

Unipen (nafcillin sodium) is available in tablets, 
capsules, and oral solution as well as the parenteral 
form. The injectable form should be used initially 

in severe infections. And as soon as the clinical 
condition warrants, oral forms of Unipen allow you 
to continue antistaph therapy with the same anti- ~ 
biotic in a form more convenient to patients. 


*Nafcillin-susceptible penicillinase-producing staphylococci. 
TSee Important Note on next page. 
See important information under Parenteral Administra- 


INJECTION AND ORAL 


UNIPEN 


(nafcillin sodium) 


as the monohydrate, buffered, Wyeth 


Wyeth Laboratories 


| /| "n Philadelphia, Pa. 19101 





*" 


26A 


Unipen 
(nafcillin sodium) 


AS THE MONOHYDRATE, BUFFERED, WYETH 


Disc Susceptibility Tests: Quantitative methods that require 
measurement of zone diameters give the most precise estimates of 
antibiotic susceptibility. One such procedure* has been recom- 
mended for use with discs for testing susceptibility to penicillinase- 
resistant penicillin-class antibiotics. Interpretations correlate djam- 
eters on the disc test with MIC values for penicillinase-resistant 
penicillins. With this procedure, a report from the laboratory of 
“susceptible” indicates that the infecting organism is likely to 
respond to therapy. A report of “resistant” indicates that the infect- 
ing organism is not likely to respond to therapy. A report of "inter- 
mediate susceptibility" suggests that the organism would be 
susceptible if high dosage is used, or if the infection is confined to 
tissues and fluids (e.g., urine) in which high antibiotic levels are 
attained. | 

*Bauer, A,W., Kirby, W.M.M., Sherris, J.C., and Turck, M.: Antibiotic 
Testing by a Standardized Single-Discs Method, Am. J. Clin. Pathol, 
45:493, 1966; Standardized Disc Susceptibility Test, FEDERAL REGISTER 
37:20527-29, 1972. 

Indications: Although the principal indication for nafcillin sodium 
is in the treatment of infections due to penicillinase-producing 
staphylococci, it may be used to initiate therapy in such patients in 
whom a staphylococcal IS coh is suspected. (See Important 
Note below.) 

Bacteriologic studies to determine the causative organisms and 
their sensitivity to nafcillin sodium should be performed. 

[n serious, life-threatening infections, oral preparations of the 

penicillinase-resistant penicillins should n»t be relied on for 
initial therapy. 
Important Note: When it is judged necessary that treatment be 
initiated before definitive culture and sensitivity results are known, 
the choice of nafcillin sodium should take into consideration the fact 
that it has been shown to be effective only in the treatment of infec- 
tions caused by pneumococci, Group A beta-hemolytic streptococci 
and penicillin G-resistant and penicillin G-sensitive staphylococci. 
(f the bacteriology report later indicates the infection is due to an 
organism other than a penicillin G-resistant staphylococcus sensitive 
to nafcillin sodium, the physician is advised to continue therapy with 
a drug other than nafcillin sodium or any other penicillinase- 
resistant semi-synthetic penicillin. 

Recent studies have reported that the percentage of staphylococcal 
isolates resistant to penicillin G outside the hospital is increasing, 
approximating the high percentage of resistant staphylococcal iso- 
lates found in the hospital. For this reason, it is recommended that 
a penicillinase-resistant penicillin be used as initial therapy for any 
suspected staphylococcal infection until culture and sensitivity 
results are known. 

Methicillin is a compound that acts through a mechanism similar 
to that of nafcillin sodium against penicillin G-resistant staphylo- 
cocci. Strains of staphylococci resistant to methicillin have existed 
in nature and it is known that the number of these strains reported 
has been increasing. Such strains of staphylococci have been 
capable of producing serious disease, in some instances resulting 
in fatality. Because of this there is concern that widespread use of 
the penicillinase-resistant penicillins may result in the appearance 
of an increasing number of staphylococcal strains which are re- 
sistant to these penicillins. 

Methicillin-resistant strains are almost always resistant to ail 
other penicillinase-resistant penicillins (cross resistance with ceph- 
alosporin derivatives also occurs frequently). Resistance to any 
penicillinase-resistant penicillin should be interpreted as evidence 
of clinical resistance to all, in spite of the fact that minor variations 
in in vitro sensitivity may be encountered when more than one 
penicillinase-resistant penicillin is tested against the same strain 
of staphylococcus. 

Contraindications: A history of allergic reaction to any of the 
penicillins is a contraindication. 

Warnings: Serious and occasionally fatal hypersensitivity (anaphy- 
lactoid) reactions have been reported in patients on penicillin 
therapy. Although anaphylaxis is more frequent following parenteral 
therapy it has occurred in patients on oral penicillins. These re- 
actions are more apt to occur in individuals with a history of 
sensitivity to multiple allergens. 

There have been reports of individuals with a history of penicillin 
hypersensitivity reactions who have experienced severe hypersen- 
sitivity reactions when treated with a cephalosporin. Before therapy 
with a penicillin, careful inquiry should be made concerning previous 


hypersensitivity reactions to penicillins, cephalosporins, and other 
allergans. if an allergic reaction occurs, appropriate therapy should 


be instituted, and discontinuation of nafcillin therapy considered. 
The usual agents (antihistamines, pressor amines, corticosteroids) 
should be readily available. 

Precautions: As with any potent druz, periodic assessment of 
organ system function, including renal, hepatic and hematopoietic, 
Should be made during prolonged therapy. 

The possibility of bacterial and fungal overgrowth should be kept 
in mind during long-term therapy. If overgrowth of resistant organ- 
isms occurs, appropriate measures should be taken. 

The oral route of administration should not be relied upon in 
patients with severe illness, or with nausea, vomiting, gastric dilata- 
tion, cardiospasm or intestinal hypermotility. 

Safety for use in pregnancy has not been established. 

Particular care should be taken with intravenous administration 
because of the possibility of thrombophlebitis. l 
Adverse Reactions: Reactions to na'cillin sodium have been 
infrequent and mild in nature. As with other penicillins, the possi- 
bility of an anaphylactic reaction or serum sickness-like reactions 
should be considered. A careful history should be taken. Patients 
with histories of hay fever, asthma, urticaria, or previous sensi- 
tivity to penicillin are more likely to react adversely. 

The few reactions associated with the intramuscular use of nafcillin 
sodium have been skin rash, pruritus, and possible drug fever. As 
with other penicillins, reactions from oral use of the drug have in- 
ciuded nausea, vomiting, diarrhea, urticaria, and pruritus. 
Parenteral Administration: It is recommended that parenteral 
therapy be used initially in severe infecticns. The patient should be 
placed on ora! therapy with this product as soon as the clinical condi- 
tion warrants. Very severe infections may require very high doses. 

Intravenous Route: The required amount of drug should be 
diluted in 15 to 30 ml. of Sterile Water for Injection, U.S.P., or 
Sodium Chloride Injection, U.S.P., and injected over a 5- to 10- 
minute period. This may be accomplished through the tubing of an 
intravenous infusion if desirable. 

Stability studies on nafcillin sodium at concentrations of 2 mg/ml 
and 30 mg/mi in the following intravenous solutions indicate the 
drug will lose less than 10% activity at room TERHRIa AE (70? F.) 
during the time period stipulated: 


Isotonic sodium chloride.......0..0.00 00.0 ce eee eee eee 24 hours 
596 dextrose in water ...... 0... cece cee eee 24 hours 
9% dextrose in 0.4% 

sodium chloride solution..............0. 0.0.0. e eee aee 24 hours 
Ringer's sollen... od beet chide a ois reek ade EIZA 24 hours 
M/6 sodium lactate solution 

(conc. of 30 mg/ml) ruina e eae fb AED Sei PR 24 hours 


Discard any unused portions of intravenous solutions after 
24 hours. 

Only those solutions listed above should be used for the intra- 
venous infusion of Unipen® (nafcillin sodium). The concentration of 
the antibiotic should fall within the range of 2 to 30 mg/ml. The drug 
concentrate and the rate and volume of the infusion should be 
adjusted so that the total dose of nafcillin is administered before 
the drug loses its stability in the solution in use. 

There is no clinical experience available on the use of this agent in 
neonates or infants for this route of administration. 

This route of administration should be used for relatively short- 
term therapy (24-48 hours) because of the occasional occurrence of 
thrombophiebitis, particularly in elderly patients. 

intramuscular Route: The clear solution should be administered 
by deep intragluteal injection immediately after reconstitution. 
After reconstitution, keep refrigerated (2°-8° C.) and use within 
7 days or keep at room temperature (25° C.) and use within 3 days. 
Oral Administration: Beta-hemolytic streptococcal infections 
Should be treated for at least 10 days to prevent development of 
acute rheumatic fever or glomerulonephritis. 

If oral therapy is inadequate, resort to parenteral nafcillin sodium. 

After mixing, the oral solution must be stored in a refrigerator. 

Discard any unused portion after one week. 
Supplied: INJECTION (VIALS)— Supplied in vial sizes of 500 mg., 
1 gram, and 2 gram nafcillin sodium as the monohydrate, buffered. 
When reconstituted as recommended, the contents of each vial pro- 
vides, respectively, 2-, 4- or 8-ml. of nafcillin sodium solution 
equivalent per mi. to 250 mg. nafcillin buffered with 10 mg. sodium 
citrate. Film-coated TABLETS—containing nafcillin sodium as the 
monohydrate, equivalent to 500 mg. nafcillin buffered with calcium 
carbonate. CAPSULES—containing nafcillin sodium, as the mono- 
hydrate, equivalent to 250 mg. nafcillin buifered with calcium car- 
bonate. FOR ORAL SOLUTION— Combination pkg. of vial of dry 
nafcillin sodium as monohydrate and bottle of diluent—provides 
80 ml. of solution containing equivalent of 250 mg. nafcillin per 
5 mi. Alcohol 2%. 


WYETH LABORATORIES PHILADELPHIA, PA. 


Hepatic Encephalopathy and Light and Electron Micrographic 
Changes of the Baboon Liver After Portal Diversion 


CHARLES W. PUTNAM, M.D., K. A. PORTER, M.D., D.Sc., THOMAS E. STARZL, M.D., PH.D.* 


Six baboons of varying weights and estimated ages had complete 
portal diversion. All animals became emaciated and lost hair. Five 
of the 6 developed hepatic encephalopathy so serious that it either 
killed them or required their sacrifice after an average of 109 days. 
One exceptional animal which lived for 208 days without 
encephalopathy had markedly elevated blood ammonia levels. In 
one brain that was examined, greatly increased numbers of 
Alzeheimer’s Type II astrocytes were diffusely distributed in the 
cerebral cortex. Changes in liver function tests were similar to 
those reported by many authors in dogs. The 6 baboons’ livers 
underwent striking atrophy during the 49 to 208 days of 
postoperative observation. With some variations in degree, the 
same light and electron microscopic changes were observed that 
have now also been seen after completely diverting portacaval 
shunt in rats, dogs and humans. Thus the hepatic injury of Eck 
fistula is common to all species so far studied although most of the 
metabolic consequences of the procedure seem to selectively spare 
rats and man. 


a A LTHOUGH HUMANS with normal liver function seem- 


a 


ingly tolerate portacaval shunts with no obvious 
adverse effects,?»?? Eck's fistula in normal dogs regularly 
causes weight loss and hepatic encephalopathy, the latter 
complication having been termed ‘‘meat intoxication" by 
Hahn, Massen, Nencki and Pavlov, who noted the 
harmful effect of meat powder ingestion in their animals. 
It has been widely believed that the devastating 
neurologic and other effects of Eck's fistula in dogs 
represent a species specific phenomenon. This belief has 


Submitted for publication February 7, 1976. 
The work was supported by research grants MRIS 8118-01 and 
¢ 7227-01 from the Veterans Administration; by Grant Numbers 

AM-17260 and AM-07772 from the National Institutes of Health; and by 
Grant Numbers RR-00051 and RR-00069 from the General Clinical 
Research Centers Program of the Division of Research Resources, 
National Institutes of Health. 

* Faculty Scholar (1975-76) of the Josiah Macy, Jr. Foundation. 

Reprint requests: Charles W. Putnam, M.D., Department of Surgery, 
University of Colorado Medical Center, 4200 East Ninth Avenue, 
Denver, Colorado 80220. 
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persisted in spite of descriptions of hepatic en- 
cephalopathy after portal diversion in monkeys*?5 and of 
reports of inanition and inexplicable deaths in swine.?^ 

In this study, the effects of complete portal diversion 
were studied in 6 baboons of varying ages. The clinical 
behavior of the animals and the morphologic changes in 
their livers were the main end points but, in addition, 
changes in serum lipids were examined. Within 7 months, 
5 of the 6 baboons had died of hepatic encephalopathy and 
the sixth was well on the way to a similar fate. All had 
similar changes in their livers. 


Methods 


The features of the 6 male baboons are summarized in 
Table 1. They all had been retained in the University 
laboratories for about 1!^ years and had been in perfect 
health during that time. 

The portacaval shunts were performed under ketamine 
hydrochloride (Ketalar®) anesthesia. In brief, the 
technique consisted of side-to-side anastomosis after 
excision of an ellipse from both vessels. After completion 
of the anastomosis, the portal vein was ligated at its 
bifurcation into the right and left branches taking pains to 
eliminate any incoming venous tributaries to the portal 
branches above the site of their ligation. At the time of 
portal diversion, the liver was biopsied for comparison 
with a sample obtained at autopsy or at the time of 
sacrifice. 
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TABLE 1. Clinical Features of Six Baboons Submitted to Eck’s Fistula 


——  —_—_———V——VWVc—_—— 


Body Weight (kg) 


Survival, (Days) Preop Postop 


l Died, 103 9.5 7.0 
2 Sacrificed*, 49 11.3 8.6 
3 Died, 202 10.9 7.7 
4 Sacrificed, 208 11.0 7.4 
5 Sacrificed*, 130 13.6 9.0 
6 Sacrificed*, 164 8.6 6.3 


Liver Weight at 


Autopsy 
Weight Total Per Cent 
Loss (%) (gm) Body Weight Encephalopathy? 
26% — — Yes 
24% — — Yes 
29% 98 1.3% Yes 
33% 127 1.7% No 
34% 110 1.2% Yes 
27% TI 1.2% Yes 


——————————MM——— MÀ 


* Sacrificed in a terminal state. 
* All baboons had alopecia, muscle wasting, and ascites. 


Postoperatively, the animals were given the same diet 
as that on which they had been maintained for the previous 
18 months. It consisted of Purina® monkey chow (15% 
protein and 5% fat), supplemented daily with fresh fruit ad 
libitum. At approximately biweekly intervals before and 
after portacaval shunt, the animals were anesthetized with 
ketamine hydrochloride and peripheral venous blood 
samples obtained. In addition to standard liver chemis- 
tries, the serum cholesterol and other lipid concentrations 
were analyzed by previously described methods.? 

Tissue specimens from biopsy or autopsy were fixed in 
10% neutral buffered Formalin® (aqueous solution of 
formaldehyde). Frozen sections were cut and stained with 
Sudan 4 for fat, and then the remaining tissue was 
processed and the paraffin sections were stained with 
hematoxylin and eosin, Gordon and Sweet's trichrome for 
collagen and fibrin, periodic acid Schiff reaction for 
glycogen, and Pearse's method for ceroid and lipofuscin. 
Brain tissue was also stained with cresyl violet. 

Additional small tissue samples were initially fixed in 
glutaraldehyde solution, then postfixed in osmic acid and 
embedded in Epon® (synthetic embedding medium). Half 
micron and ultrathin sections were cut. The former were 
stained with Azure II for examination in the light 
microscope, while the latter were stained with lead citrate 
and examined in the electron microscope. 


The sizes of the midzonal hepatocytes before and after 
portacaval shunt were determined on hematoxylin and 
eosin stained sections by a method previously described.?9 
In essence, the technique consists of tracing large 
numbers of hepatocytes on standard thickness paper, 
cutting out the silhouettes and weighting them. Midzonal 
hepatocytes identified in half micron Epon sections were 
also used for measuring the length of rough endoplasmic 
reticulum per area of cytoplasm by a morphometric 
method.!$ 


Results 


Clinical Observations 


Postoperatively, all of the animals were initially 
healthy, but within a month they had lost weight and had 
developed alopecia, muscle wasting and variable ascites 
(Table 1). All but one of the baboons eventually developed 
disequilibrium and convulsive movements, which ranged 
from a kind of "liver flap" to generalized seizures and 
unconsciousness, unrelieved by the intravenous adminis- 
tration of dextrose. Two of the animals died overnight, 
three more were sacrificed in a terminal state and the 
sixth, which did not have overt encephalopathy after 208 
days, was sacrificed electively. The average survival of 


TABLE 2. Changes in Serum Chemistries in Six Baboons Submitted to Eck's Fistula* 


—————————————————————————————————— M—— M 


SGOT SGPT Alkaline Phosphatase Serum Cholesterol 
(Sigma-Frankel Units) (Sigma-Frankel Units) (Bodansky Units) Postoperative Blood (mg/100 ml) 
Normal —40 Normal <25 Normal <10 Ammonia Levels Normal 120 to 180 
(ug/100 ml) 

No. Preop Postopt Preop Postopt Preop Postopt Normal —50 Preop Postop 
A —————————————— ——— CO" Mb 
| 7 320 — 385 — 14.2 63 (42 days) 134 — 38 
2 — 216 16 260 4.4 14.7 66 (49 days) 17] — 51 
3 22 123 10 123 4.5 18.6 — 130 — 40 
4 21 66 25 92 Tg 13.5 443 (208 days) 148 — 63 
5 21 630 6 400 3.4 [5:3 — 148 — 49 
6 $ 92 4 71 4.7 14.6 500 (164 days) 152 — 29 


EEE 


* Serum bilirubin concentrations were always normal. 


+ The postoperative values given represent the maximum abnormalities recorded. 
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Fic. 1. Photomicrographs 
of sections from a baboon 
liver subjected to portal di- 
version. The panels on the 
left show the liver structure 
as seen in a biopsy im- 
mediately before portacaval 
anastomosis. The panels 
on the right show the con- 
densation of lobular reticu- 
lin, accumulation of fat and 
atrophy of hepatocytes 208 
days after operation. (Top) 
reticulin stain, x20; (mid- 
dle), frozen section stained 
with Sudan, 4, x30; (Bot- 
tom), and E, x175. 


the 5 animals which had encephalopathy causing death or 
requiring sacrifice (Table 1) was 109.3 days. 
Biochemical Studies 


After portacaval shunt, the serum bilirubin concentra- 
tions remained normal throughout the period of observa- 
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tion in all 6 baboons. However, there were significant 
elevations of the SGOT, SGPT and alkaline phosphatase 
in all animals (Table 2). 

In 4 baboons blood ammonia levels were obtained 42 to 
208 days postoperatively. The results ranged from 63 to 
500 u.g/ 100 ml with a normal range of 20 to 50 wg/100 (Table 
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2). A serum ammonia concentration of 443 wg/100 ml was 
recorded on the day of sacrifice in the only animal which 
did not have obvious hepatic encephalopathy, indicating 
that even this baboon was near the end of survival. 
The changes in serum cholesterol concentrations in 
these 6 animals are summarized in Table 2. In addition to 
substantial falls in the serum cholesterol values, the 
phospholipid concentrations were also depressed post- 
operatively, as previously reported by us?' in dogs and 
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Fic. 2. (Top). Ultrastruc- 
ture of a hepatocyte from 
the liver of baboon Number 
4 immediately before porta- 
caval shunt. The cytoplasm 
contains abundant rough 
endoplasmic reticulum (R) 
with normal cisternae and 
membranes studded with 
ribosomes. Glycogen gran- 
ules are abundant. There 
are no fat droplets and 
few lysosomes (ly). m, 
mitochondrion; N, nucleus. 
Lead stain (x 11,400). (bot- 
tom) Ultrastructure of the 
same liver 208 days after 
portacaval shunt. The cis- 
ternae of the rough endo- 
plasmic reticulum are di- 
lated and the membranes 
depleted of ribosomes. The 
amount of smooth endo 
plasmic reticulum is in- 
creased. There is a large 
lipid droplet (L) and lyso- 
somes (ly) are numerous. 
N, nucleus. Lead stain 
(x11,400). 


baboons, and as originally recorded by Winter?? in dogs. 
There were only minor changes in the triglycerides. s 


Histopathologic Studies 


The biopsy specimens obtained before portacaval shunt 
were normal by light microscopy (Fig. 1). Ultrastructur- 
ally, hepatocytes sectioned through a central area showed 
many complexes of rough endoplasmic reticulum (Fig. 2, 
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TABLE 3. The Effect of Eck Fistula on Liver Cell Size* 


—————————————— 


Hepatocyte Size 





No. Biopsy Sacrifice or Death 
——— TEES ra 
l 0.29888 0.11716 
2 0.34494 0.12352 
3 0.34170 0.13707 
4 0.55200 0.19705 
5 0.30650 0.13489 
6 0.43945 0.30683 
Mean 0.381 0.169 





* See text for definition of size units. 


top). Each complex consisted of many parallel cisternae of 
ribosome-studded membranes. Free polyribosomes were 
also present in the cytoplasm. Glycogen was abundant. 

After portacaval shunt the liver lobules and hepatocytes 
became smaller (Fig. 1). The mean hepatocyte size at 
operation was 0.381 size units, and only 0.169 size units 
when the animal was sacrificed or died. Thus, the average 
hepatocyte size had been more than halved (Table 3). The 
amount of stainable glycogen in the liver cell cytoplasm 
fell and stainable lipid appeared. The Kupffer cells, 
particularly in the central parts of the lobules, increased in 
size and number after the operation and their cytoplasm 
contained ceroid but not hemosiderin. There were more 
binucleate and trinucleate hepatocytes and hepatocyte 
mitoses after portacaval shunt, and in the half micron 
sections the hepatocvtes showed variable staining proper- 
ties, producing an irregular mixture of light and dark cells. 
The dark cells were smaller than the light ones and more 
numerous. The lobular reticulin framework was con- 


Fic. 3. Higher power views 
of part of hepatocyte shown 
in Fig. 2, (Bottom). The 
cisternae of rough endo- 
plasmic reticulum are di- 
lated and the membranes 
lack ribosomes. The smooth 
endoplasmic reticulum is 
increased in amount. Lipid 
droplets (L) of various sizes 
are present. Lysosomes (ly) 
are numerous. Some of the 

*mitochondria (m) are en- 
larged and their internal 
structure disorganized. Lead 
stain (x 17,100). 
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densed and in some of the livers the sinusoids appeared 
collapsed. 

Ultrastructurally, the cytoplasm of many of the 
hepatocytes after portacaval shunt contained lipid drop- 
lets of different sizes and glycogen granules were scanty 
(Fig. 2, Bottom, and Fig. 3). The amount of rough 
endoplasmic reticulum was greatly reduced and what 
remained was dilated and fragmented. Morphometric 
analysis showed that the area of rough endoplasmic 
reticulum per volume of cytoplasm was reduced to less 
than one third the quantity found in the preoperative 
biopsy. There were fewer ribosomes on the membranes of 
the endoplasmic reticulum than normal. The amount of 
smooth endoplasmic reticulum was increased. Free 
ribosomes were relatively abundant. The Golgi apparatus 
was poorly developed. Some of the mitochondria were 
enlarged and their cristae disrupted. Small bundles of 
collagen fibrils were present in the space of Disse and 
around central veins. The enlarged Kupffer cells con- 
tained masses of lipid, lipofuscin and ceroid in their 
cytoplasm. The bile canaliculi appeared normal. 

In one animal (Number 4) brain tissue was studied. This 
showed greatly increased numbers of enlarged protoplas- 
mic astrocytes diffusely distributed in the cerebral cortex. 
The majority of the abnormal astrocytes were Alz- 
heimer's Type II cells. A few nerve cells were damaged or 
destroyed but most appeared normal. 


Discussion 


Portacaval shunts in four Macaca mulatta monkeys 
were reported by Zuidema et al.** as part of an experiment 
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in which blood was administered by gavage a few days 
later. The observations concerning the response to enteral 
blood were short term, but in the Discussion, the authors 
remarked that the animals died 4 to 6 months later with 
loss of hair, weight loss and neurologic disability. Detrie® 
noted the same syndrome in Rhesus monkeys with some 
amelioration by total colectomy. Kline, Crook and 
Nance" followed 10 Macaca malatta monkeys from 332 
to 345 days. Only one had evidence of neurologic findings, 
but elevations in serum blood ammonia were the rule. At 
autopsy, the atrocyte swelling and proliferation were 
present which Nance and Kline? have correlated with 
encephalopathy in other work. No studies of liver 
pathology were mentioned in any of these articles. 

The baboons of our study developed an unequivocal 
portoprival syndrome, rivaling that in the dog for its swift 
and lethal qualities. The animals lost hair and became 
wasted, with an average weight loss of about 30% of their 
body weight. All but one were neurologically invalided or 
dead within 6 months. 

Histopathologically, the livers showed severe hepato- 
cyte atrophy with accumulation of fat in the liver cell 
cytoplasm and loss of glycogen. The number of hepato- 
cytes in mitosis were increased. Severe ultrastructural 
changes including depletion of rough endoplasmic re- 
ticulum occurred that closely resembled those we 
reported earlier in two baboons that had total portal 
diversion in two stages?’; the only difference was the 
presence of increased amounts of smooth endoplasmic 
reticulum in the present group of animals. 

It may be useful to compare the pathological findings 
caused in baboons by Eck fistula with those observed in 
other species. Shrinkage of the liver occurs in all species 
that have been studied. The hepatocyte atrophy and 
tendency to fat accumulation has been seen by light 
microscopy in rats,?:!5 dogs?*-14-18-23.24* and pigs ? although 
the changes are probably less marked in rats.'? It is 
noteworthy that ultrastructural changes caused in 
rats?292233 and in dogs!??? closely resemble those reported 
here in the baboon. Furthermore, both the light and 
electron microscopic findings in all the species are 
analogous to those in the human.???? Thus the hepatic 
injury of Eck fistula afflicts all species so far examined. 

Interpretation of the alterations that occur in the 
hepatocyte ultrastructure after portacaval shunt is ham- 
pered by the vulnerability of the various organelles, in 


* The article by Hahn, Massen, Nencki and Pavlov? contains the first, 
albeit brief, description of the atrophy and fatty changes in the liver 
caused by Eck fistula. Whipple and Sperry published the first 


` photomicrograph of these findings. Their animals with portacaval shunt 


were two control dogs that were part of a larger experiment.” In Fig. 6 of 
that article are to be found all the light microscopic abnormalities that 
continue to occupy us 67 years later. Dr. Whipple died on January 31, 
1976, at the age of 97 years. 
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particular the endoplasmic reticulum, to a variety of 
humoral and hormonal stimuli.*?! However, it is 
undoubtedly relevant that the liver changes after por- 
tacaval shunt are remarkably similar to those that occur in 
the liver of the rat made diabetic by the administration of 
alloxan.” The abnormalities in the diabetic rat liver are 
rapidly reversed when the animal is treated with insulin. 
Moreover, we have found that after Eck fistula in dogs 
constant insulin infusion into the tied off portal vein at the 
liver hilum can prevent much of the damage to the canine 
liver that occurs within a few days without this 
treatment.? This and other recent evidence from our 
laboratories suggest that the basic cause of the liver injury 
after portacaval shunt is its deprivation of endogenous 
hormones which ordinarily reach it in high physiologic 
concentrations from the splanchnic viscera.?9?5 The most 
important of these so-called hepatotrophic hormones in 
the splanchnic blood seems to be insulin. 

The foregoing hormonal hypothesis would explain the 


uniformity of the hepatic changes caused by Eck fistula in 


different species. At the same time, it is evident that a 
spectrum of susceptibility to the adverse effects of Eck 
fistula does exist. The rat has been resistant to all of the 
lethal complications of Eck fistula and most of the minor 
ones except for a temporary failure to gain weight. Normal 
man has aligned himself, as he so often does, with the 
rat. On the other hand, monkeys and baboons are 
placed at great risk by the procedure of portacaval shunt, 
and the same is probably also true for pigs. 

The most frequently lethal complication of Eck fistula is 
encephalopathy. The manner in which these liver changes 
alter brain function is obscure. In the brains of patients 
and animals with portacaval shunts the protoplasmic 
astrocytes are enlarged and increased in numbers in the 
grey matter of the cerebrum and cerebellum and in the 
putamen and globus pallidus.!??? The morphological 
changes in the astrocytes are probably an expression of 
metabolic hyperactivity and their severity is in proportion 
to the duration of the post-operative rise in plasma 
ammonium levels.?* It is possible that the changes in the 
astrocytes are directly contributed to by the prolonged 
high levels of circulating ammonia. The astrocytes may be 
the cells in which ammonia ions derived from neuronal 
metabolism are incorporated into alpha-ketoglutarate and 
glutamic acid to form glutamine, and the astrocyte 
changes after portacaval shunt could be the result of 
storage of the excess glutamine which is known to be 
present in the brain.? However, there is little reason to , 
believe that complex neurologic disorders caused by 
portal diversion can be explained solely by hyperam- 
monemia. 
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Acute Cholecystitis as a Postoperative Complication 


LESLIE W. OTTINGER, M.D. 


The clinical course and management of 40 patients who under- 


went operation for acute cholecystitis developing as a postopera- . 


tive complication were reviewed. Of note was the mortality of 
47%, tlie high incidence of gangrene, perforation, empyema, 
and cholangitis, and the atypical clinical presentation of acute 
cholecystitis under these conditions.. Awareness of this possible 
complication, knowledge of its clinical features, and early surgical 
intervention are important facets of successful management. 


CUTE CHOLECYsTITIS following operations for un- 
A related disease was described by Glenn in 1947, 
though he found reference in the literature as early as 
1844. Since that time, Glenn and several other authors 
have reported collected series of such cases.'?^7!? A rela- 
tively high mortality in our hospital for this complica- 
tion, as compared to that described in these reports 
and that observed in patients in whom acute cholecysti- 
tis was the initial presenting complaint for hospitaliza- 
tion, has caused us to review our experience. Our over- 
all mortality of 4796, observed during the last decade, 
presents a stark reminder that should operation become 
necessary, cholecystitis in the postoperative period re- 
mains an exceedingly grave mishap. | 


Material 


Hospital records and autopsy findings of 40 patients 
who had surgery for acute cholecystitis and its associ- 
ated complications developing in the convalescent phase 
of operations other than those on the biliary tree were 
reviewed. The antecedent operative procedures are listed 
in Table 1. There were 22 men and 18 women. Age 
distribution along with mortality is illustrated in Fig. 1. 
Mortality is for the hospitalization. The cases are further 
- divided into those in which the. biliary complication was 
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judged the primary cause of death and those in which it 
was only a contributing factor. There were 10 patients 
in the first group and 9 in the second. 


Results 


In 36 patients, a detailed history was available. In 29, 
there was no history of disease of the biliary tree. 
In 3, a record of previous episodes suggesting cholecysti- 
tis was found. In 4 other patients, gallstones were known 
to exist. There had been a preceding postoperative com- 
plication prior to the development of cholecystitis in 2 of 
the survivors and in 8 of those who died. Twenty- 
nine of the 40 patients developed cholecystitis following 
their first operation of the admission whereas 11 had had 
two preceding surgical procedures. 

Time of onset of symptoms was distributed rather 
evenly over the first 14 postoperative days in 32 patients, 
developing within 48 hours in only 2. In the other 8, symp- 
toms were noted first between the 15th and 50th days 
after the preceding operation. In only 4 did the resumption 
of oral intake of solid food seem to have precipitated 
the attack. Ín the others, no precipitating cause was ap- 
parent. mE | 

Judging from material available in the records, delay ' 
in making the diagnosis did not appear to affect the out- 
come adversely. The average delay was 4.3 days in the 
survivors and 3.8 days in those who died. This probably 
reflects the tendency of complications such as gangrene 
or perforation of the gallbladder to develop rapidly 
rather than to occur as a delayed event. In patients 
who had only cholecystitis, the average delay was 3.9 
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"TABLE 1. Antecedent Operation 
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Hip reconstruction 

Colon resection 

Gastric resection 

Aortic resection 

Abdominal wall herniorraphy 
Hemipelvectomy 

Peripheral vascular procedure 
Suture of liver laceration 
Splenorenal shunt 
Transthoracic suture of varices 
Ileal loop urinary diversion 
Radical hysterectomy 

Spinal fusion 

Splenectomy 

Miscellaneous procedures not 
-involving a major body cavity 


JI 


days; in those with gangrenous Cholecystitis, 3.6 days; 
and i in those with perforation, 2.5 days. 

The white blood count was normal ‘in 4- patente 
between 10, 000 and 14,000 per cubic, millimeter in 8, 
between 14,000-and 20,000 in 10; Over 20, 000 in. 10, 
and not recorded in 8. The serum bilirubin Was normal 
in 8 patients, between 1 and 5 mg% in 17, over 5 mg% in 
10, and not recorded in 5. In the 6 patients who were found 
to have common duct stones, serum bilirubin was between 
1 and 2 mg% in 3, between 2 and 3 mg% in 2, and 12 
mg% in 1. Serum 5ilirubin was not, therefore, a useful 
test in separating those patients with common duct stones 
from those in whom none was present. Alkaline phospha- 
tase was normal in but one patient and markedly elevated 
in 13. Included inthis second group were 3 ofthe 6 patients 
with common duct stones. Thus, a high serum bilirubiri 
and alkaline phosphatase were, in most instances, related 
to intrahepatic rather than extrahepatic factors, suggest- 
ing the seriousness of the preceding illnesses. 

In 22 of the 40 patients, an unexplained fever was 
the first evidence of cholecystitis. In only 11, pain 
located in the epigastric or right upper quadrant was 
the symptom to provide the first clue. In the remaining 
patients, the presenting abnormality was abdominal dis- 
tension in 3, jaundice in 2, and vomiting in 2. That only 
about 2596 presented in the typical fashion for acute 
cholecystitis with pain and upper gastrointestinal com- 
plaints is an important point. In almost all cases, the 
development of tenderness in the right upper quadrant 


]ed to the correct diagnosis, and delay in its appearance 


was usually the reason for not suspecting cholecystitis 


earlier as the cause of fever or pain. In 3 patients, 


gangrenous cholecystitis was not suspected until it was 
noted at laparotomy. A palpable mass was presented 
in about 5096 of the patients at the time of operation. 
Operative findings are shown in Table 2. Whereas only 
15 patients had cholecystitis alone, 25 had an additional 
complication of gangrene, perforation, empyema, or chol- 
angitis. In 14 patients (3596), there were no stones in 
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either.the gallbladder or the common duct. In 7 of these 
patients (50%), there was either gangrene or perforation 
of the gallbladder. In the 26 patients with cholelithiasis, 18 
(69%) had a complication of cholecystitis. Common duct 
stones were present in 6 patients of the series (15%): 

Cholecystectomy was performed in 17 cases, chole- 
cystostomy in 12, and cholecystectomy and common 
duct exploration in 11. In 4 of the 11 patients, common 
duct stones were found. Two other patients with chole- 
docholithiasis were managed with choledochostomy 
alone. Both patients died, but in neither case could a more 
extensive operative procedure have achieved a better 
outcome. Transduodenal sphincterotomy was performed 
in two cases of common duct exploration, once upon 
the indication of an impacted stone and once for chole- 
cystitis and acute pancreatitis with small common duct 
stones. Though mortality was higher following chole- 
cystostomy than cholecystectomy, it was not the result of 
employing the lesser operation. 

Seventeen patients. had' a complication of their biliary 
procedures. Complications seen in.more than.one were 
wound infections, upper gastrointestinal bleeding, pul- 
monary emboli, pneumonia, and acute renal shutdown. 

Intraoperative culture results were found for 22 pa- 
tients. These showed no growth in 8. Of the positive 
cultures, 9 showed nonhemolytic streptococci with one of 
several gram-negative rods. In the other 5, E. coli; 
Staphlococcus aureus, alpha hemolytic streptococcus, 
and Klebsiella singly or in combination were isolated. 
In only two instances could the organism be related 
to an earlier infection occurring elsewhere: 

Overall mortality was 47%. In 27%, the death could 
be directly attributed to the biliary complication. In the 
others, it was but a further complication in a patient 
who could not reasonably have been expected to recover 


even without it. Fig. 1 relates mortality to age. 
77 
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TABLE 2. Operative Findings 





Cholelithiasis 
and 
Cholelith- Choldocho- Acal- 
iasis lithiasis culus Total 
Cholecystitis 6 2 7 15 
Gangrene 7 0 $ 12 
Perforation 6 0 2 8 
Empyema I ] 0 2 
Cholangitis 0 3 0 3 
Total 20 6 14 40 


Average age in survivors was 56 years and in those who 
died, 67 years. Table 3 does the same for the various 
complications of the episodes. Of the 13 patients with 
performation, empyema, or cholangitis, only 2 recovered. 
The cause of death in almost every case in which it was 
attributed to the biliary complication was sepsis: hepatic 
and intra-abdominal abscesses in 5 patients, cholangitis 
with its complications in 2 despite adequate drainage of 
the common duct, and metastatic abscesses in 1. Acute 
renal shutdown and the complications of pulmonary 
infections accounted for the others. 

In an effort to discover possible etiologic factors, the 
patients were somewhat arbitrarily divided into two 
groups, one with a course that paralleled the usual one 
for cholecystitis and one that followed a more virulent 
course. Reasons for inclusion in the second group in- 


cluded a rapid progression to complications and extensive . 


and severe involvement of the gallbladder. There were 7 
patients in the first group and 27 in the second, exclud- 
ing the 6 with common duct stones. There were no sig- 
nificant differences between the two groups with ref- 
erence to age, sex, presence or absence of stones, 
and the use of meriperidine, morphine, coumadin, and 
antibiotics before the attack of cholecystitis. 


Discussion 


In several ways, cholecystitis that develops following 
an unrelated surgical procedure differs from that which is 
the primary presentation. The patients are older, there is 
a greater proportion of men, the acalculus incidence is 
higher, the presentation is somewhat different, and the 
mortality is significantly higher. These differences sug- 


TABLE 3. Complications with Related Mortality 


Recovered Dead Mortality 
Cholecystitis 11 4 36% 
Gangrene 8 4 33% 
Perforation I 7 88% 
Empyema 0 2 100% 
Cholangitis 1 2 66% 
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gest that in at least a portion of the patients the patho- 
logic process may be different. 

Resting on what is known of the pathophysiology of. . 
acute cholecystitis in other settings, several mechanisms 
for postoperative cholecystitis have been advanced. Bile 
stasis leading to concentration and inspissation of the 
contents of the gallbladder and obstruction to outflow, 
either from stones or from inspissated contents of the gall- 
bladder, are the common elements. Factors often present 
in the postoperative patient and known to contribute 
to the stasis are fasting, anesthesia, dehydration, fever, 
and narcotics for the relief of pain. 

Some patients had gangrene of the entire gallbladder 
and bile-stained fluid in the peritoneal cavity. This may 
mean that under some circumstances, concentration and 
other changes in gallbladder contents lead to necrosis of 
the structure and thus may be one factor that is not 
operative in the usual care of cholecystitis. 

The coincidence of these attacks with the resumption 
of oral feedings was pointed out by Glenn.? This was . 
confirmed by Levin but not by Lindberg and his associ- 
ates,^? and in most of our cases, it could not be shown to 
be a factor. It is thought that in these patients, contrac- 
tion of the gallbladder obstructed by thick inspissated 
bile or stones leads to a sequence of changes which re- 
sult in cholecystitis. This is an important concept as it 
does open for consideration the only apparent avenues 
for prevention of the complication. 

Lindberg and associates reported acalcus cholecystitis 
in 12 war casualties between the ages of 19 and 30.8 These 
patients had had multiple operations and blood transfu- 
sions. A heavy pigment load secondary to transfused 
blood was cited as a possible contributing factor. It 
was also shown that in 6 of their 9 patients with positive 
bile cultures, the same organisms were present in infected 
wounds or in the blood stream. These authors sug- 
gested that, under postoperative conditions, the gall- 
bladder may become a target for blood-borne bacteria. 
In two of our patients, this was a possible mechanism 
for cholecystitis. 

Among the other contributing factors that have been 
proposed are sympathetic stimulation leading to spasm, 
ischemia, and mural damage and states of decreased 
perfusion leading to hypoxia of the gallbladder. It seems 
likely that multiple factors including gallstones are in- 
volved. Not all need be present. These rather than 
new etiologic factors probably account for the postopera- 
tive cholecystitis. The high mortality is apparently the re-. 
sult of the greater incidence of gangrene and other 
complications and the contributory burdens of increased 
age, the preceding illness, and operations. 

The finding that more than 60% of the cases were 
complicated by gangrene, perforation, empyema, or cho- 
langitis differs from our experience with cholecystitis 
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under other circumstances and bears further scrutiny. 
It is probable that many less severe attacks of chole- 


“cystitis go unnoticed in the early postoperative period. 


Our own relatively high mortality as compared to that 
in other series does, in part, reflect the fact that we 
did not include nonoperated cases. Thus in 2 patients, 
the history documented signs and symptoms that were 
probably the result of cholecystitis following earlier 
operations, and in a third, surgery was performed elec- 
tively after the attack subsided. Even in the patient 
who has had an operation involving neither the abdominal 
cavity nor its wall, gastrointestinal symptoms such as 
anorexia, distention, and cramps are not unusual in 
the convalescent phase, and mild attacks of chole- 
cystitis are probably often missed. The group of patients 
represented in the series had symptoms and signs which 
extended beyond 24 hours after onset and in any series of 
cholecystitis, this group would be classified with the more 
severe attacks. One has the impression despite this that, 
in the postoperative period, cholecystitis carries an in- 
creased risk for complications. 

Cholecystitis in the postoperative period is a complica- 
tion that for obvious reasons we have come to regard 
as exceedingly senous. Though delay in diagnosis may 
not lead to an increase in local complications, it clearly 
does magnify their systemic and secondary effects. 
Pain, so characteristic of the usual clinical presentation 
of cholecystitis, was not the earliest finding in 75% of 
the patients. Rather, fever is the abnormality most often 
noted initially, and because cholecystitis in the post- 
operative period is relatively rare, this diagnosis is not 
likely to head the list of possible causes of tempera- 


‘ture elevation. Making the diagnosis rests almost ex- 


clusively on the findings on physical examination. 
Even when cholecystitis is suspected, failure to opacify 
the gallbladder by oral cholecystography does not con- 
firm it even though it may increase the possibility. 
Parenthetically, opacification rather reliably excludes 
acute cholecystitis. Intravenous cholecystography may 
opacify the gallbladder even in the presence of chole- 
cystitis and is not of help in establishing the diagnosis. 
Laboratory studies may likewise be helpful but are not 
confirmatory. The clinical diagnosis resides in repeated 
examination of the nght upper abdomen for the develop- 
ment of a mass or for signs of local peritoneal irrita- 
tion. 

There is no practical way to prevent the complication. 
Avoiding unnecessary fasting and narcotics may be help- 
ful. While the presence of stones may increase the likeli- 
hood of an attack, preoperative studies undertaken rou- 
tinely to discover their presence are not justified. 
A history of attacks of cholecystitis, particularly after 
previous operations, should be carefully sought. With 
such a history or the presence of gallstones in mind, 
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diagnosis of this postoperative complication would per- 
haps be more decisive. 

Though cholecystectomy is our preferred operation, 
if a lesser procedure is indicated by local findings or 
by the patient's condition, we do not hesitate to perform 
a cholecystostomy unless the entire gallbladder is necro- 
tic. After cholecystostomy, which may be performed 
under local anesthesia, confirmation of drainage of the 
common duct by injection of radiopaque dye into the tube 
is usually indicated. Subsequent elective cholecystec- 
tomy is not always necessary.!! 

This experience with cases of acute cholecystitis fol- 
lowing the treatment of unrelated disease has caused us 
to adopt the principle of operative intervention on diag- 
nosis. Though it is probably possible to carry some 
patients through the episode for later elective surgery 
if stones be present, there is little merit in this approach. 
Virtually all of these patients have had symptoms of 
fever and leukocytosis persisting beyond 24 hours by the 
time the diagnosis is suspected. Under more usual 
circumstances, they would be subjected to immediate 
cholecystectomy because the chance of recovery without 
it would be minimal. Gangrene, perforation, and em- 
pyema are found early and frequently in these patients. 
and one should not delay operation pending definite 
clinical evidence of their presence. Only the earliest 
possible intervention can avoid their secondary septic 
complications. Whether or not one subscribes to the prac- 
tice of immediate surgery for all patients who require 
hospitalization for cholecystitis, it is clearly the bes! 
course for the postoperative patient with acute chole- 
cystitis. 
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Prevention of Lymphoceles Following Renal Transplantation 


RICHARD J. HOWARD, M.D., RICHARD L. SIMMONS, M.D., JOHN S. NAJARIAN, M.D. 


Lymphoceles occur following 1.2 to 18.1% of renal transplants. Of 
543 kidney transplants performed at the University of Minnesota, 
lymphoceles occurred in three (an incidence of 0.6%). These three 
patients are described. We believe lymphoceles can be prevented 
by ligation of all lymphatic channels around the iliac artery and 
vein as these structures are dissected. Also the lymphatics of the 
donor kidney should be ligated before division. Lymphoceles are 
best treated by drainage into the peritoneal cavity after excision of 
as much of the cyst wall as possible. 


YMPHOCELES have been reported to occur after 1.2 to 
18.1% of renal transplants (Table 1).1.2::7:10.16.18 They 
may lead to deterioration of renal function?949:16:18 and the 
patient with a lymphocele may be inappropriately treated 
for allograft rejection. Other clinical findings associated 
with lymphoceles in renal allograft recipients include 
lower abdominal swelling or mass,?9:/795:101,15.18 edema 
over the allograft or of the ipsilateral 1leg,'?5:15:18 
hypertension,?? drainage from the incision,”*? enlarged 
allograft, fever without an obvious source of infec- 
tions,*^? urinary frequency,’ ipsilateral ileofemoral 
thrombophlebitis,” and weight gain.!6:1? 

While many small lymphoceles undoubtedly go unde- 
tected, treatment of large lymphoceles in transplant 
recipients is important because of possible compromise of 
allograft function due to compression of the graft ureter 
and blood vessels, and danger of infection. 

We have seen three lymphoceles in 543 consecutive 
renal transplants. We believe lymphoceles can be 
prevented by ligation of all donor renal and recipient 
lymphatics before they are divided. We describe here the 


Submitted for publication November 17, 1975. 

This work was supported by Grant 44 AM13083 from the United States 
Public Health Service. 

Reprint requests: Dr. Simmons, Department of Surgery, Box #185, 
Mayo Memorial Bldg., ees of Minnesota Hospitals, Min- 
neapolis, MN 55455. 


From the Department of Surgery, 
University of Minnesota, 
Minneapolis, Minnesota 





three patients who developed VIBDROCEICR after receiving 
renal allografts. 


Case Reports | 


Between August 1, 1967, and July 1, 1975, 543 kidney transplants were 
performed in 501 patients at the University of Minnesota Health 
Sciences Center. Four hundred fifty-nine were first transplants. Three 
lymphoceles developed, an incidence of 0.6%. All occurred in patients 
receiving their first transplant. 

Case 1. A 53-year-old woman had renal failure because of polycystic 
kidney disease. She received a cadaveric kidney transplant January 25, 
1972. Standard immunosuppression and antilymphocyte globulin (ALG) 
were given.!! She left the hospital 13 days after transplantation. The 
BUN and creatinine continued to decrease after discharge to 33 mg/100 
ml and 1.5 mg/100 ml respectively. Treatment was begun February 25, 
1972, with methylprednisolone and prednisone for rejection. She was 
again treated for rejection July 3, 1972. Recon was confirmed by 
kidney biopsy. 

On August 16, 1972, she entered the hospital because of urmary 
frequency and stress incontinence. Cystoscopy was performed and the 
bladder was seen to be distorted by a mass. The BUN was 81 mg/100 ml 
and the creatinine was 2.3 mg/100 ml. A few days later a lower abdominal 
mass could be palpated. On September 14, 1972, the lymphocele was 
drained and part of the cyst wall was excised. The contents of the 
lymphocele were sterile. The BUN decreased ta 63 mg/100 ml and the 
creatinine fell to 2.0 mg/100 ml. 

Comment: Although biopsy showed rejection, some of the renal 
malfunction may have been due to the lymphocele. In fact, the creatinine" 
did decrease from 2.3 mg/100 ml to 2.0 mg/100 ml. 

Case 2: Polycystic kidney disease led to renal failure in a 42-year-old 
woman. On February 7, 1972, she received a kidney allograft from her 
sister. Standard immunosuppression and ALG were used post- 
transplant. She was discharged 15 days after transplantation when the 
BUN was 24 mg/100 ml and the creatinine was 1.1 mg/100 ml. 

She entered the hospital again on February 28, 1972, because the BUN 
had increased to 83 mg/100 ml and the creatinine had risen to 3.2 mg/100 
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ml. Kidney biopsy Sosed changes compatible with acute tubular 
necrosis but no signs of rejection were seen. 
On April 3, 1972, she was admitted for weight gain. An open kidney 


biopsy was performed and an unsuspected lymphocele was encountered. 


Drainage catheters were left in for 6 days and then removed. Contents of 
the lymphocele were sterile. The kidney biopsy revealed rejection. The 
BUN was 102 mg/100 ml and the creatinine was 5.8 mg/100 ml. She was 
treated for rejection and the BUN decreased to 57 mg/100 ml and the 
creatinine fell to 3.2 mg/190 ml. A midline mass became apparent May 5, 
1972. Because of a persistent urinary tract infection and autogenous right 
ureteral reflux, she underwent resection of her own right ureter on May 
17. Twolymphoceles were incised and part of the cvst wall was resected. 
'The BUN again increased to 76 mg/100 mi and the creatinine rose to 5.4 
mg/100 ml. Despite antirejection therapy the BUN and creatinine 
remained elevated, and hemodialysis was required. On August 31, 1972, 
she received a second kidney transplant from her son. She has 
maintained normal renal function. 

Case 3: A 35-year-old woman received a renal allograft on July 20, 
]972, because of renal failure due to diabetes mellitus. She was 
discharged 14 days after transplantation. The blood urea nitrogen (BUN) 
was 19 mg/100 ml and the creatinine was 1.0 mg/100 ml. 

She remained well until March, 1974, when she entered the hospital 
with a fever of 39.6. An intravenous pyelogram and barium enema 


~ demonstrated a right pelvis mass compressing the ureter and bladder and 


Es 
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elevated the cecum. On needle aspiration of the mass 1400 ml 
straw-colored fluid was withdrawn. Gastrografin was instilled into the 
cavity and an x-ray showed the large cyst. On March 21, 1974, open 
drainage was carried out and penrose drains were left in place. The fluid 
removed from the cavity was sterile. The drains were removed after four 
days and the patient was discharged. A right lower quadrant mass was 
again detected in July, 1974. Seventeen hundred ml of dark fluid was 
drained from the cyst. The fluid was sterile. On July 22, 1974, catheters 
were placed into the cyst for drainage and triamcinolone hexacetamide 
was injected daily for three days. Drainage stopped after three days and 
the catheters were removed. The cyst recurred again and on August 6, 
1974, it was incised and part ofthe cyst wall was removed. Culture of the 
cyst fluid revealed coagulase negative Staphylococcus. The lymphocele 
recurred once more. On September 19, 1974, more of the cyst wall was 
removed and the cyst wzs marsupialized into the peritoneal cavity. It did 
not recur again. On Junz 22, 1975, the BUN was 21 mg/100 ml and the 
creatinine was 1.3 mg/100 ml. 

Comment: This lymphocele recurred despite incision and drainage 
and removal of the cyst wall. Marsupialization into the peritoneal cavity 
permitted reabsorption of the cavity fluid by the peritoneum and the 
lymphocele did not recur again. 


Discussion 


Lymphoceles are complications of the transplant 
operation that we believe can be avoided. The lym- 
phoceles led to compromise of allograft function in two of 
the three patients and to an otherwise unneeded operation 
in all three. Decreased graft function due to a lymphocele 
has also been reported by others. 1:2:5:10,13.16 

While lymphoceles are known to occur following pelvic 


* lymphadenectomy in radical pelvic surgery ,?:** they have 


been reported infrequently in association with renal 
transplantation. !:?-6-7,10.16-18 J ymphoceles are most likely 
due to leakage of lymph from recipient lymphatic 
channels. Madura et al.? Koehler and Kyaw,? and Braun 
et al.? have demonstrated by lymphangiography that host 
lymphatics communicated with the lvmphocele. Some 
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TABLE 1. Incidence of Lymphoceles Following Renal Transplantation 





Author No. Lymphoceles No. Patients % 
Boglnetal! -> 6 42 14.3 
Braun et al.? 15 83 18.1 
Kiser et al.® 3 250 12 
Meyers et al.?? 7 176 4.0 
Schweizer et a].!9 6 280 2.1 
Starzl et al." 3 216 1.4 
Zincke et al./? 6 215 2.6 
University of Minnesota 3 543 0.6 


lymphoceles may well be due to divided lymphatics from 
the donor kidney.!*45 Pederson and Morris” showed that 
lymphatic flow increases 19 times in sheep kidneys 
undergoing rejection compared to autografted kidneys. 
Diuretics and ureteral absorption are known to increase 
the flow of lymph in the kidney and may also contribute to 
the formation of a lymphocele. Rejection was confirmed 
by biopsy in two of our three patients with lymphoceles 
around the time the lymphoceles became evident. 
Radiation!$ and hematomas?? have also been thought to 
play.a role in the formation of lymphoceles. 

We believe ligation of all lymphatic channels around the 
recipient iliac vessels and on the donor kidney will prevent 
lymphoceles. Iliac lymph nodes are usually found in close 
proximity to the iliac artery and vein. In the absence of 
pathology, these nodes are small and are frequently not 
identified. However, usually large lymphatic channels can 
be identified passing over the iliac vein. When the 
abdominal wall muscles are divided and the peritoneum is 
reflected superiorly and to the left (for allografts placed in 
the right iliac fossa), the iliac vein and artery come into 
veiw. To clean the vein, ligatures are passed under the 
lymphatic channels and investing fascia with a right angle 
clamp. The ligatures are tied and the lymphatic channels 
and investing fascia are divided exposing the vein. 
Generally only two or three sets of ligatures are required 
to completely expose the iliac vessels. 

The lymphatic vessels of the donor kidney pass around 
the renal artery to lumbar lymph nodes. After the renal 
artery and vein have been identified the lymphatics around 
the renal artery are ligated and divided. These ligatures 
also encompass nerve fibers in proximity to the artery. It 
is important to keep these ligatures as far from the hilus of 
the kidney as possible in order not to ligate early branches 
of the renal artery. Care must also be taken to avoid 
catching the adventitia of the artery, because it may lead 
to torsion of the artery after it is placed in the recipient 
with compromise of flow. Generally, two or three 
ligatures are required for the renal lymphatics. 

Braun et al.? reported a single surgical drainage can ' 
resolve a lymphocele in 75% of patients and remain free of 
infection in 80%. Others*$9:12.1917 have also used incision 
and drainage. Drainage was tried initially in all three of our 
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patients but was effective in only one. Furthermore, there 
is a danger of peri-renal infection associated with open 
drainage especially in diabetic patients that may lead to 
loss of life or loss of the kidney.*? Multiple aspirations of 
lymphoceles have been tried, but this technique has led to 
recurrence and infection. 9:15 

We now favor marsupialization of the lymphocele into 
the peritoneal cavity with resection of as much of the cyst 
wall as possible, as advocated by Byron et al.? Marsupiali- 
zation maintains constant drainage into the peritoneal 
cavity should the lymphatic leak persist. It also eliminates 
an opening to the outside thus greatly reducing the 
likelihood of infection. Removing the wall of the 
lymphocele prevents it from reforming and ensures 
adequate drainage into the peritoneal cavity. 
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Leiomyosarcoma of the Inferior Vena Cava: 


Report of a Case and Review of the Literature 


RALPH V. BAILEY, M.D.,* JOSEPH STRIBLING, M.D.,t STANLEY WEITZNER, M.D.,1 JAMES D. HARDY, M.D., F.A.C.S.§ 


Leiomyosarcoma of the inferior vena cava is a rare and usually 
fatal disease. Only 45 cases have been reported in the world 
literature. The authors add one case and review all previous 
reports. The disease is one primarily of elderly women, arising 
from the middle third of the inferior vena cava with a wide range of 
symptomatology, varying from the Budd-Chiari sy ndrome to a few 
asymptomatic cases. The tumor may grow very slowly or 
occasionally very rapidly, shows extensive local invasion, and 
metastasizes more frequently than previously believed. While 
radiotherapy and chemotherapy have not been adequately studied, 
aggressive surgical intervention using the recent advances in 
vascular surgery appears to offer long term palliation and 
hopefully cures of this disease in the future. 


EIOMYOSARCOMA of the inferior vena cava is a rare 
tumor which is usually lethal. Though reports of 
this tumor have been increasing in frequency in the last 
two decades, we have been able to find only 45 verified 
cases in the world literature!-*? since it was first described 
by Perl in 1871.37 The purpose of this paper is to present a 
new case, review the literature, and summarize the 
clinical findings and natural history of leiomyosarcoma of 
the inferior vena cava. 
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Case Report 


K.W., a 67-year-old Caucasian woman, was admitted for the first time 
to the University of Mississippi Medical Center in July, 1975. She had 
noted a 20 pound weight loss since March, 1974, when she underwent a 
cholecystectomy in another hospital. At that time exploration of the 
abdomen was reported to have been negative with the exception of a 
smooth, rounded liver edge. She complained of early satiety and 
occasional loose bowel movements of two weeks duration. Evaluation 
by her referring physician revealed normal barium enema, normal upper 
G.L series with the exception of displacement of the stomach to the left 
by a large mass, and liver scan showing a large defect in the left lobe. 
Review of the percutaneous needle biopsy of the mass was interpreted as 
a low grade malignant tumor of smooth muscle origin. 

Past history was remarkable only in that she had a partial 
thyroidectomy at age 23 and an appendectomy at age 37. Review of 
systems revealed no history of jaundice or alcohol intake. Her 
hypertension of 15 years duration was controlled by Aldomet. She 
smoked and had mild symptoms of chronic bronchitis. The patient was 
nulliparous. 

Physical examination. A large, nontender mass was present in the 
mid-epigastrum which was irregular in contour and seemed to be 
attached to the liver. Pelvic examination showed a nulliparous cervix and 
no palpable abnormalities of the uterus. The extremities showed no 
cyanosis, varicosities or edema. The remainder of the physical 
examination was essentially unremarkable. 

Laboratory Data. Alkaline phosphatase and LDH were slightly 
elevated at 152 u/L (normal 30-85) and 462 u/L (normal 90-200) 
respectively. SGOT was normal at 25 u/L (normal 20-50). Hemoglobin 
was 10.9 mg/100 ml and trace protein was in her urine. 

Hospital Course. Aortic arteriography showed a large upper 
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Fic. 1. /n situ photograph of the tumor showing its relationship to the 
right lobe of the liver supported by a thumb (upper left). 


mid-abdominal mass located anteriorly and primarily supplied by the 
hepatic artery. The celiac. splenic and hepatic arteries were markedly 
stretched and displaced inferiorly and anteriorly. Neovascularization 
was apparent. 

At laparotomy, the liver was draped over a large mass (Fig. 1) which 
appeared to arise from the mid-portion of the inferior vena cava between 
the renal and hepatic veins. The common bile duct, hepatic artery and 
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Fic. 2. Note the fleshy nodules of tumor and hemorrhagic areas of the 
cut surface of the leiomyosarcoma. 


portal vein were stretched tightly over the tumor and were "peeled off” 
by blunt and sharp dissection. The tumor was resected with the anterior 
wall of the inferior vena cava, which was then repaired. No hepatic 
metastases of sites of extension were found. No uterine leiomyomata 
were palpable. 

Her hospital course was complicated by acommon duct stricture, for 
which a Roux-en-Y choledochojejunostomy was performed with good 


Fic. 3. Photomicrograph 
showing the bizzare, 
hyperchromatic, large nuc- 
lei, prominent nucleoli, and 
whorled pattern of the 
tumor. 


171 


LEIOMYOSARCOMA OF THE VENA CAVA 


Vol. 184 e No. 2 


- 


me 


 "A1og1ns ‘S ‘Asdoyne *y y 











sox 
UdIUSG WOJ uidri() “del “Add S3A vc S : S[PPTIA L9 ‘A BUGIS P Áopreg $261 
"BD prOuI8IS sujuoui /7 3e IAV SoA, : 8 .S 9TPPTIAI SS. | ' sz] 9 99s [e yy FL6I 
SpioIqu 71Á.7 ye 9ATV "dep^ASid —— .$9A umjuoui( z xt S PRIN M A ^ ehllloug.2 moursdey ri6l 
Wd ut oum] ‘Aydeigoarg Sox ume "M eI S . amuy tS "^J i je 19 urnoure(T tL61 
'osnul 2 
- € x ÁroS1ng ‘dey ‘acid. aA g poArT Sox €XJI9AUV[-. SIA pond ?? ued SI (0S8 86 “A ., &Henis €L61 
‘A Udi 
-sqjuour e “paid W doy ‘wne "yr .$ n4 Jleddr-pA— .I$ “A : gg [€ Jo IUEIüDsnf ELGI 
“SABP Qc-perp 'spio1qtd | - SIA : Ol $ ^— 9[DPIAN 7 'd og) 9 ATH £L6I 
 Ssquout OT ‘PA S9A .JeAT] -SIA 6I 8 9TPPUA €L ‘dA ‘of PHEUINOT : £161 
'/SI€9Á p ‘PAA ^. SIA SIA]2d er Ign Y LI S J9AQ'T c9 ‘A |: Q:püEUIDO?D) — , £/6I 
: + Advisyyousys V AvI-K ssuny- I S :J9A07T Q9 ‘A o: 01U9.) 29 UPDEHOAOM €/61 
spto1qy eurrej[] S9A m 0€ S MOT IL ‘A sgUas[oIN’ 3 uosugqof 16! 
. “YWUOUL [ ur pap ‘Werys9-ppng =, Suny] wne "w £t V I9ddf() . 99 JN slape IL6I 
 MOjoq sywuoul-, dey sanedany -Aupy *Sun'T LI S ledd() - 9€ ‘W y ÁEIA, TL6l 
Splo1gy dun] jo eurouto1e;) unue"w 9L, ov Jedd() . 89 ʻA sOdO M6 
SYJUOU 6 Je MIY S3A v : iS -SIPPUA. I9 “A eisinbpred W oqnq 146i 
syuow g ur parq SƏ ` perau sox S IMOT  .99 ‘A ef [8 19 [Áemnf OL6I 
'S1e2Á Z Ul pA |. Suny Wsry '^[euew -, Adley, . S APPIN è & “A ər [8 19 UOP,enH OL6I 
PIWOIN [BUTS T. : f v J9AO'T $9 ‘A peMOYCIN] W nə . 6961 
- ÁYdEIJOALIOUI A . Sopou jevo . unujg" wW (oge, WV Joddn-prjq ce 'J ar I? 29 -yssyd $961 
:Áuroj291sÁAos[ouo Surimmp puno sox oy S IaMOT A "g ez [e 33 uosdoH  . :8961 
| OIquiolu L a unnmeg"wWw. -S v 9IPPIA -Ep "JN c'Te 19 saiqieg — :g96I 
Igak | ur iyyeop euiourareo IsvoIg sox Ung: sox . €f S SIDPHAN «= (SQ ‘A sg [€ 19 AZeis [961 
dojsod sivad BE 3A V S9A ol S I9 ‘4 ee JE 19 ZOIMOLIEN 1961 
'S1Á 6 ut parp uou ÁA1oguns Jeoday. sox dun| ‘ArI . SOA yews et S IAAT. Lb “J 'ar9doq V Adouen [961 
. OAS SAY 
Sproiqg SUUN “Vd WNN "y S anug 8€ ‘A 'sg [E Jo UOSSByOor 996] 
QUOI p : | MONTY A LI V Jeddnu-pr C ‘dA ,Sv*vH -9961 
- quid L sun] Jyry J9AUT H V auy SE ‘A - pp SUBA 9961 
Beep dojsod ON ^ SOX 0c S Ieddn-prq CL ‘A LI? 19 ue[de7) 9961 
eulope pue eoaudsÁ(] sgun| A IIAV wne ‘H V ' 6L ‘W ;gS9pue'q . €96I 
9[9LI]USA Y -0jui SSUJA qa pg . wnn H y "V 4edd() -6S A  uSeuoup-pÁAo[T W pueiqgoH t961 
doysod sivoA ¢ SANY SOX SEƏIJULd = sod oz S 31PPLIAN L9 ‘W VE 19 UST YW $7961 
wW 'eoppunef  -« SJSATT C wne "sr V Jeddu-prjq I9 ‘A sJd O £961 
- BWP [eururra I, I9ATT , WNI H QI y Ioddn-prjq 9r ‘A *PI9gyoog W pireeg C96I 
‘A gedəy ur snquiolq m, p V Jadid) lt ‘A zp [8 19 YISBUO T, 1961 
9orpunef [Buus |, “A [eus "T 61 "sS . Jeddu-ptrq £8-'J genISs9 p, P uno 1ou() 1961 
enoy SEE V ws 'd zz XSA99II[EM 1961 
: Suiqe[udoquiod T, SOPOU *I9ATT - SOLIBINGL r, € V anyud LS ‘aA se 93[Q9SE|d W JojneT 1961 
' UOISSIUpE je Pic] çz V e[PPIN — $9 "d põld P SeWo L 0961 
-yeap a1ojaq soipuner 6 V jaddQ  ' $9 A gr JE 19 puep[ren 096I 
Uinj231.jO BUIOUIDIVT) - ti V I9A0]-pTIA v9 ‘W :;li9aV LSGI 
.  €jeUIOÁUIOIO[ INN INT 07 umnie, "sf IZ Ow Jedd() $p ‘A -ARV LS61 
CX posroxa oouarlmoaw sox sok 9 S J9AO0]|-D1]AI co ^J gunH -adop 6S6I 
Aydpraoara dowd LI V J39/AO0[-DTAT 09 ‘W geuO1so[ddor 2 xessnow 0S6I 
‘A 3uipi-sisoquio1q L 'A 9gedoH Or V addy I£ ‘AH sr [9 19 YOOYEH : OFGI 
dojsod sx224 7. yee] sox ç 48 JI9MOLPIA ope A - sg OR[2[9]AT 8c61 
- AOQOIIA AQ XC] sopou [e20'T S[9$89 A Or "v leddn-pw pE “d Həd IL8I 
SyIVWIYy pej»ssow  .sosugjsejo .  oouol üuoIsuo)jxzq (Wd) . HO? 93S IBY 'xoS  Joginy poiodow 
. INDI jeuoday "ez -WIYuod IeaX 
' jo suea3]A 
'] a 18v 


172 


I5 C] Total 
' EB Men 
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results and she was discharged from the hospital two months from the 
date of her admission. At discharge she was eating well, gaining weight 
and had no sign of biliary leakage or recurrence of her tumor. As of 
November 24, 1975, she has gained 10 pounds. 


Pathology 


Gross. The irregularly lobulated, ovoid, rubbery to firm, gray-white 
mass measured 21 x 23.5 x 14.5cmingreatest dimensions and weighed 
2.5 kg. The cut surface was white with nodules ranging to 7 cm in 
diameter. Some of the nodules had hemorrhagic and gray, soft, fleshy 
areas ranging to 2-3 cm (Fig. 2). A segment of vena cava, 3.5 cm long 
and 1.3 cm in diameter was adherent to the inferior surface of the mass. 
The overlying intima was slightly elevated, but intact. 

Microscopic. There were interlacing fascicles and whorls of cellular 


smooth muscle fibers with often large, bizarre. hyperchromatic nuclei. | 


Mitoses were not uncommon and in places ranged to 5-6 per high power 
field. The involved segment of the vein wall was diffusely replaced by 
malignant tumor within which there was a small. well-defined area of 
benign neoplastic muscle. The intima was intact. The diagnosis was 
leiomyosarcoma of the inferior vena cava apparently arising from 
preexistent leiomyoma (Fig. 3). 


Discussion 


In reviewing 46 cases of leiomyosarcoma of the inferior 
vena cava, a composite picture can be derived (Table 1). 
Leiomyosarcoma of the inferior vena cava is a disease 
primarily of women, occurring at a median age of 61 with a 
range from 27 years to 83 years (Fig. 4). Most frequently, 
the tumor involves the middle third of the inferior vena 
cava and both local spread and distant metastases are 
common. Extensive local spread with involvement of 
more than one segment of the inferior vena cava, the 
hepatic veins, the right atrium, and the renal veins is 
common. The most common sites of metastatic disease 
are the liver and lungs. Associated leiomyomata of the 
uterus and of the esophagus have been reported (Fig. 5). 
Other primary tumors found include carcinoma of the 
colon, breast, and lung. 

Symptomtology varies from that of our patient with 
. almost no symptoms to those of rapidly progressive 
hepatic failure (Budd-Chiari syndrome), or massive 
edema from venous obstruction. As previously reported 
by several authors, the signs and symptoms vary with the 
location of the tumor: Budd-Chiari syndrome occurring 
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with the upper third lesions,35-818-19.26.43 renal vein 
thrombosis with middle third tumors,!* and isolated lower 


extremity edema with lower third lesions.?*32? In those « 


patients with no venous obstruction, the growth of the 
tumor is primarily extra-luminal. While most lesions are 
diagnosed postmortem (44%) or at laparotomy (50%), 
venocavography is useful in preoperative evaluation when 
this tumor is suspected (6%).!2-29 In those cases diagnosed 
operatively, resection of the tumor was possible in 19 
patients (79% of all patients explored and 41% of all 
reported cases). Local recurrence is frequent (36% of 
those resectable), but repeated excision of tumor seems to 
be recommended.? The tumor is poorly radiosensitive and 
little experience with chemotherapy is available. While 
most reports point out that the tumor is slowly growing, 
our patient, as well as those of Wray,*? Stuart, and 
Kapsinow,?* had prior abdominal surgery within 16 
months of diagnosis with no evidence of tumor noted at 
that time. Thus in some cases the tumor must grow more 
rapidly than previously believed. 

The ways in which our case differs from most of 
those in the literature are its rapid growth, its paucity of 
symptoms and the possibility of the leiomyosarcoma 
having had origin from a pre-existent leiomyoma as 
evidenced by a small, well-defined area of benign 
neoplastic smooth muscle typical of leiomyoma within the 
wall of the involved segment of inferior vena cava. 

Early laparotomy and more extensive resection have 
done much to improve the outlook for this tumorin the last 
decade. Increased clinical suspicion as well as more use of 
venocavography should contribute to a better prognosis in 
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Fic. 5. Cumulative data on leiomyosarcoma of the inferior vena cava 
from the world literature; regional extension, metastases and vena cava 
segments involved. 
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the future. The high rate of resectability should encourage 
more aggressiveness in the management of leiomyosar- 
coma of the inferior vena cava. 


18. 
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The Sutureless Aortic Valve Prosthesis: 


Experience With ad Technical Considerations ! For 


Fopiacemignt of. the SANY Model 


STEWART M. SCOTT, MD, GULSHAN a sere M.D., M; WAYNE FLYE, M.D., TIMOTHY-TAKARO, M.D. 


Reoperation: was is performed. in seven (16%) of 43 patients with 
early models of Magovern: sutureless aortic valve prostheses; 
because. of thromboembolism and ball; variance. All: patients 
survived reoperation with no major corüplicatioris: Removal of the 
sutureléss prosthesis was not difficult. when an insertion tool of 
proper size was.used. A. scarred annulus remained which was 
favorable for the suturing of a new prosthesis. The incidence of 
disabling thromboembolism (42%) and poppet failure (21%) is high 
with. these early ` models.: When ` these. complications occur, 
replacement of the prosthesis i is recommended to prevent death or 
recuirent embolic episodes. | 


HE. :MAGOVERN SUTURELESS PROSTHESIS,’ vich was 
T introduced in 1962. to simplify replacement of the 
aortic valve, reduced operating time and:helped to avoid 
many-of the complications of. prolonged extrácorporeal 
perfusion, but.it had several disadvantages. Perivalvular 
leak was a frequent complication. The device was bulky 
and it: was sometimes difficult to use in small aortic roots. 
Dehiscence occasionally occurred, especially in patients 
with: large dilated aortic roots. 'Thrombosis and ball 
variance were cominon late. complications: However, the 
hemodynamic. function of these valves was good so that 
many patients have survived long periods in spite of these 
complications. Our experience with 43 patients in whom 
early model Magovern aortic valves were üsed as the 


initial prosthesis spans 4 years, with a followup up to 12 . 


years.? Thrombosis and poppet failure have occurred late 
in ther course of many of these patients and valve or poppet 


. Submitted for publicain January 6, 1976. . 
Reprint requests: Dr. Scott, Veterans Administration Hospital, 
aneri North Carolina dent 


From the Veterans Administration Hospital 
| Asheville, North Carolina 


replacement TT been necessary to avoid sudden’ death Or 


disabling cerebral complications in 16%. 


Clinical paaie 


Between 1 June; 1963, and April, 1967, 43 patients, all 
males and ranging in age. from 29 to 69 years, received 
Magovern aortic valve prostheses. Twenty-eight patients 
had aortic stenosis. Fifteen patients had aortic insuf- 
ficiency, 3 due to syphilis; 3. caused by bacterial 
endocarditis, and 9 due to rheumatic fever. In 33 patients 
only the aortic valve was replaced, while in 10 patients the 
mitral valve. was: also' replaced using Starr-Edwards 
prostheses (Model 6000 or 6120). There were 10 deaths 
within 30 days of surgery (23%); 4 followed double valve 


replacement. The. remaining patients have survived for 


periods varying. from two months to 11 years (Fig. 1). 
Twelve. patients are still living. Three of these patients 


have been reoperatéd for ball variance and 4 for 


thromboembolic complications. Reoperation consisted of 
changing the poppet in 3 patients and replacing the 
prosthesis in 4 others. All patients survived reoperation 


without major complications. 


Results of Initial Surgery. 


There were. 10 surgical deaths; Twenty-one patients 
have subsequently died at intervals of two to 128 months 
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Fic. 1. Survival curve of 43 patients with the Magovern-Cromie 
sutureless aortic prosthesis. 


since surgery. The causes of late death were valve 
dehiscence (2), ball variance (1), suicide (1), cerebral 
embolism (3), acute myocardial infarction (1), coronary 
embolism (2), and bleeding duodenal ulcer (1). Sudden 
unexplained deaths occurred in 9 patients. 

Complications have included non-fatal thromboem- 
bolism in 9 patients, ball variance in 7 patients, and 
bleeding due to anticoagulation in one. There were no 
infections and no instances of heart block. Only 5 patients 
(12%) have survived without a significant complication. 

Ball variance has been documented in 7 patients (21%) 
either at the time of reoperation or at autopsy and was the 
probable cause of death in one patient. This high incidence 
of ball variance is related to the technique of hard curing 
the silastic poppets used early in the manufacture of 
prostheses. An incidence of 75% occurred in Starr- 
Edwards aortic prostheses manufactured during this same 
period.? 

The diagnosis of ball variance was suspected when 
there was a loss of the opening valve click or when the S, 
S, ratio was less than 0.5 on the phonocardiogram. 
Thromboembolic episodes and transient valve dysfunc- 
tion were commonly associated with ball variance. 

One patient known to have died with ball variance also 
had a mitral prosthesis (Fig. 2). It is difficult to detect ball 
variance by auscultation in patients with multiple pros- 
thetic valves. A postoperative left and right heart cathe- 
terization done 6 months earlier in this patient showed a 
20 mm Hg gradient across the aortic valve, normal left 
ventricular endiastolic pressure, and no valve dysfunc- 
tion. He was symptom free except for increasing fatigue. 

Thromboembolism was the most devastating complica- 
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TABLE 1. Thromboembolic Complications Occurring in 34 Patients 
with Magovern-Cromie Sutureless Aortic Valves 


Number of Number Patients 
Site of Patients with of Reoperated 
Embolization Emboli Deaths for Emboli 
es 
Cerebral 9 3 5 
Coronary 3 2 
Popliteal 2 0 0 
Total 14 (41%) 5 (15%) 5 


D 


tion in this group of patients (Table 1). It was documented 
in 14 patients (41%), and was the cause of death in 5 (1596 
of the late deaths). Thromboembolism occurred at various 
intervals following valve implantation. One patient was 
symptom free for 10 years before his initial episode. At 
autopsies and at surgery thrombus was seen on the 
ventricular and aortic surfaces of the metal fixation ring 
and attached to the base of the valve struts. In some 
patients it was loosely attached to tissue growing over the 
metal surface of the prosthetic valve (Fig. 3). The metal of 
the prosthesis is titanium, which is not thromboresistant. 
An early modification of the sutureless valve had a silastic 
cuff on the aortic side of the fixation ring designed to 
eliminate perivalvular leaks and to cover the annulus at 
the site of fixation where thrombus formation might occur. 
The silastic cuff did not eliminate thrombus and this model 
was replaced with another modification with a teflon cover 





Fic. 2. Autopsy specimen of a patient (WSC) who died suddenly with an` 
entrapped aortic poppet. A swollen silastic ball is seen in the open-ended 
cage of the Magovern aortic valve. The poppet, originally clear, is now 
opaque. A normal appearing silastic poppet can be seen in the adjacent 
Starr-Edwards mitral valve. 
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FiG. 3. A Magovern sutureless aortic valve removed at autopsy from a 
patient dying of cerebral emboli. The metal surface is partially covered 
with an ingrowth of tissue to which thrombus (straight arrow) is loosely 
attached and easily dislodged. The curved arrows point to the edge of the 
tissue on the metal surface. 


on the ventricular portion of the fixation ring. This design 
likewise did not prevent thrombus formation and was 
abandoned for a device with fabric (dacron) covering most 
of the exposed metal except for the struts. There have 
been no published reports evaluating this last model. and 
we have had no experience with it (Fig. 4). 

In our patients the incidence of thromboembolism was 
high. There was no safe period beyond which the patient 
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Fics. 4a to d. Four models of the Magovern-Cromie sutureless aortic 
prosthesis. (a) Original all metal titanium cage. (b) Cage with silastic cuff. 
(c) Cage with dacron fibric cuff and teflon covered plate. Poppet is 
impregnated with barium. (d) Cage with dacron fabric covering of ring. 
Struts are bare. The poppet is impregnated with barium. 


was free of the threat of this complication and patients in 
whom it occurred more often sustained recurrent 
episodes. Because of this experience, it is our practice to 
replace these early model sutureless aortic valves in any 
patient having a thromboembolic episode. 


Anticoagulation with Coumadin was maintained 


TABLE 2. Postoperative Cardiac Catheterization in F ourteen Patients with Magovern Sutureless 
Aortic Valves, Subsequent Events and Longevity 


i—i a MERE RN URN al N 





Events After 


Catheterization Survival After 


Interval Postoperative Measurements* First Operation 
Valve Surgery mm Hg Reoperation — 
Size to Cath. Ball After Cath. Living Died 
Patient Diagnosis # (mon) PA Pw AO LV AVG AIl Variance (mon) (mon) (mon) 
F.B. AS 4 71 62/26 15 140/60 140/18 0 24 0 0 138 
F.H. AS Z 71 40/20 10 170/92 190/16 20 1+ 0 0 90 
RS Be AS 5 72 46/20 18 154/62 154/28 0 2+ B 7 134 
T IX. AS 5 72 23/5 7 . 103/60 120/11 17 E 0 0 116 
J:F. AS 5 70 55/16 18 150/80 180/10 30 |+ 0 0 132 
F.M. AS 6 67 40/20 14 150/80 150/14 0 0 t 59 133 
C. B. AI 6 74 34/14 18 168/110 168/12 0 0 0 0 117 
E.N. AS 5 60 30/15 14 96/58 113/11 17 | + t 56 128 
C.M. AS 6 57 40/8. I5- 120/70 120/12 0 0 0 0 119 
W.B. AS 5 54 40/20 10 160/70 160/18 0 2+ 0 0 118 
JP. AI 6 SS 36/19 4 130/72 150/10 0 1+ 0 0 118 
"KH AS 5 49 43/19 25 120/64 120/34 0 0 + 44 96 
W.S.C AS/MS 4 48 50/20 11 110/70 130/13 20 0 + 0 54 
G.S AS/MI 3 42 50/25 24 180/100 0 0 102 


* PA— pulmonary artery; Pw— pulmonary wedge; Ao— central aorta; LV —left ventricle: AVG—aortic valve gradient; Al—aortic 
insufficiency; AS— aortic stenosis; MS— mitral stenosis: MI— mitral insufficiency. 
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TABLE 3. Indications for and Results of Reoperation in Seven 
Patients with Magovern Sutureless Aortic Valves 


nel 


Indications for 


n ` Reoperation Inferval * Mortality 
Between 

Pa- . Em- « Ball . Operations e Surgical Sur- 

tient bolus Variance (year, mon) Procedure* gical Late 

ee 

LG 0 + 6, 7 poppet 0 

FM + + 10, 6 valve 0 2-V) mo 

AE t + 5,9 poppet 0 

EN + + 9,8 valve 0 

GM + + 10, 6 poppet 0 

RH 0 t 7,9 valve 0 2-V) mo 

CM + 0 10, 0 valve 0 


* poppet— only the poppet replaced; valve— prosthesis replaced. 


throughout most of the postoperative period in the ma- 
jority of patients. 


Late Postoperative Cardiac Catheterization 


Fourteen patients were restudied 4 to 6 years following 
their original operation (Table 2). Aortic insufficiency of a 
mild degree was found in 8 patients, and an aortic valve 
gradient was present in only 5. Three of these 5 patients 
have died. One had a swollen, entrapped ball at autopsy 
and one had a discolored but otherwise normal poppet. 
Autopsy was not performed on the third patient. Of the 
two patients still living, one was reoperated for cerebral 
emboli four and one-half years after catheterization and a 
swollen deformed poppet was removed. Although the 
second patient had a 30 mm Hg gradient across the valve, 
his activity level is Class II (New York Heart Associa- 
tion) 5 years after catheterization and 11 years following 
surgery. 

It has been suggested that occasionally a gradient may 
be produced across the Magovern valve if it is inserted at 
an angle that allows the cage to lie too close to the aortic 
wall or if the wall of the ascending aorta lies too close to 
the cage because of the absence of post-stenotic 
dilatation.’ Neither satisfactorily explains the gradient in 
this patient. 


Fic. 5. Insertion (and re- 
moval) tool for Magovern- 
Cromie sutureless aortic 
valve prosthesis. Without 
the proper size tool re- 
moval of the valve is ex- 
ceedingly difficult, if not 
impossible. 
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Reoperation 


Reoperation has been performed in 7 patients (Table 3). 
Only the poppet was replaced in the first 3 patients in 
whom the indication for surgery was ball variance. Even 
though two of these 3 patients had a history of 
thromboembolic episodes, no thrombus was seen on the 
valves at surgery. The danger of recurrent thromboem- 
bolism was not recognized at that time. In the other 4 
patients, all with a history of thromboembolism, the 
Magovern valve was replaced with a Starr-Edwards aortic 
prosthesis, Model 2320. 

Removal of the prosthesis using insertion tools is not 
difficult (Fig. 5). The fixation pins retracted easily, leaving 
a scarred annulus, favorable for suturing a new valve into 
place. To remove a sutureless prosthesis without the 
proper size insertion tool is difficult if not impossible. The 
surgeon should have a complete set of tools available for 
the procedure and prior to surgery he should attempt to 
determine from previous records the size of the prosthesis 
to be removed (Fig. 6). 

Topical hypothermia and differential hyperthermic 
coronary perfusion were used for myocardial protection 
while replacing the aortic prostheses. Even though two 
patients had coronary artery disease, no difficulties were 
encountered at surgery with low cardiac output or rhythm 
disturbances. In one patient a friable ascending aorta was 
replaced with a teflon graft. 

Two of the reoperated patients ultimately died, both of 
coronary artery disease. 


Discussion 


Reoperation of patients with other prosthetic heart 
valves is not uncommon, and is associated with an 
increased operative risk, as compared with an initial 
procedure.?447.10 

Frazin? reported recently that approximately S96 of 
more than 2000 patients at the Texas Heart Institute with 
single and multiple valves had been reoperated. The 
operative mortality reported by Frazin was 23.4% for 
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replacing the aortic valve prostheses in 37 patients 
compared to a 7.0% mortality for patients undergoing 
primary aortic valve surgery. Londe and Suggs* had a 3796 
mortality in 40 patients with a variety of cardiac lesions 
who required reoperation. Seven of 68 patients with 
Magovern aortic valves reported by Rees’ were reoper- 
ated and there were 5 surgical deaths. In the Mayo Clinic 
review by Roman, one patient with a Magovern aortic 
valve developed a perivalvular leak at 57 months and was 
reoperated successfully. 

Seven of our 43 patients (16%) required reoperation but 
there were no operative deaths. This series is too small for 
conclusions regarding operative risk, but it does dem- 
onstrate the technical feasibility of reoperating patients 
with this particular type of prosthesis with a low operative 
risk. 

The reasons for the greater mortality in reoperation are 
in part technical. On reopening the sternum, major 
structures such as the aorta, right ventricle, superior vena 
cava, or the innominate vein are easily injured. Lysis of 
adhesions and control of bleeding is time consuming and 
may require significant blood replacement. The coronary 
arteries may be injured while freeing adhesions. Pro- 
longed operating time and perfusion time increase the 
risk of postoperative bleeding and postoperative pul- 
monary and renal complications. 

In our patients, ball variance and embolism were the 
only two indications for reoperation. Perivalvular leak 
and detachment of the prosthesis have been the principle 
indications for surgery in other reports.^9-* Our experi- 
ence indicates that reoperation can be safely and 
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Fic. 6. Swollen, opaque 
poppet, cage, and throm- 
bus removed at surgery 
from a patient (FM) who 
was having recurrent cere- 
bral emboli. 


successfully performed. Patients with thromboembolic 
episodes and ball variance will not respond to conserva- 
tive management and are therefore candidates for prompt 
reoperation. 
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Anastomotic Aneurysms Following Arterial Grafting: 


A 10-Year Experience 


JAMES V. RICHARDSON, M.D., HOLT A. MCDOWELL, JR., M.D. 


A multi-faceted pathogenesis of vascular anastomotic aneurysms 
encompassing both the earlier and modern eras of vascular surgery 
has been proposed. A review of the clinical records of patients with 
such aneurysms suggests that while silk sutures were an important 
causative factor in the earlier era, this complication continues to 
occur with the more recent use of synthetic suture material. 
Further examination of the data suggests that the Iocation of the 
anastomosis remains important in the development of these 
aneurysms. Moreover, operative findings suggest that graft 
tension, shearing and vibration forces along the suture line and 
degeneration of the host vessel are the more important causative 
factors today. 


HE DEVELOPMENT of vascular anastomotic aneurysms 
T is one of the most common complications following 
arterial grafting when prosthetic grafts are used. The 
approximate incidence ranges from 3 to 2496.,5:6:9.12.15 The 
earlier era of vascular surgery saw the deterioration of silk 
sutures as the most important causative factor.’ The work 
of Cutler and Dunphy,‘ illustrating engulfment of silk 
suture fragments by macrophages, provided scientific 
proof that silk was, therefore, unsuitable as vascular 
suture material; the use of synthetic material was begun 
some years later. More recently, disproportion of 
compliance between synthetic grafts and host artery,?? 
shearing forces along the anastomotic line, vibratory 
fatigue of the anastomosis, the position of the graft and 
postoperative anticoagulation? have been implicated as 
more important causative factors. 

AWhatever the cause(s) of the evolution of these 
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aneurysms, all of them appear to begin when blood 
escapes from the vessel via dehiscence of the suture line.!? 
The hematoma, to some extent confined by surrounding 
tissues, then seals the arterial leak and a cup-shaped 
depression forms as a result of the swirling action of the 
nearby blood. Endothelialization of the inner surface of 
the sac from the host artery then occurs.? The aneurysm, 
termed a false or pseudoaneurysm by most authors, is 
then composed of an organized clot, surrouncing fibrosis 
and an inner endothelial lining; it differs from true 
aneurysms by lacking the outer elements of the arterial 
wall.!9 


Clinical Material 


The clinical records of all patients with vascular 
anastomotic aneurysms admitted to the University and 
Veteran's Administration Hospitals from 1965-1975 
were reviewed. Data were obtained concerning original 
operation performed, type of graft and suture material 
used and concomitant diseases. In addition, the time 
interval between the original operation and reoperation 
for anastomotic aneurysm(s), operative findings, proce- 
dure performed at reoperation and eventual results of all 
patients were reviewed. _ i 


Case Reports 


Case 1. A 43-year-old man underwent an aorto-bifemoral by-pass graft 


_ (Dacron and silk) for severe peripheral occlusive disease in 1965. He did 
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TABLE 1. Clinical Data of Patients With Anastomotic Aneurysms 
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Original Concurrent Interval Operative Operation 
Age/Sex Operation Diseases Onset (Yrs) Findings Performed Results 
a a ne te ERN RR ee ee a ee 
70/F A-SG ASHD 10 Proximal suture line dehiscence; Aorto-BI Alive, 
sutures intact healthy 
69/M CE-VP ASHD 8 Patch and suture line aneurysm; Ligation of C.C. Alive, well 
occluded I.C. 
THF CE-VP ASHD 7 Patch aneurysm Tube graft Alive, well 
Hypertension 
61/M A-BF ASHD 1 Bilateral femoral dehiscence; sutures — Interposition Well 
intact graft 
67/M CE-VP ASHD, AAA 6 Vein patch aneurysm Dacron patch Expired 
Ruptured 
AAA 
S9/M AX-F AAA, CVI 2 Femoral aneurysm, disruption of Excision of an- Alive 
anastomosis, aneurysm of femoral eurysm, graft 
artery to profunda 
78/M A-SG ASHD 14 Fragmented sutures of proximal Interposition Alive 
suture line graft 
61/M A-BF None 1 Disruption of femoral anastomosis Resuturing of Alive 
anastomosis | 
64/M A-BF ASHD 6 Disruption of femoral anastomosis Ligation of graft, — Claudication 
: torn vessel femoral artery in effected 
leg 
70/M A-SG ASHD 8 Disruption of femoral anastomosis Femoro-popliteal Alive, viable 
torn vessel bypass excision limb 
of aneurysm 
60/M F-F ASHD 1 Disruption of suture line, rupture of  Ligation- Alive 
Hypertension ` aneurysm resection 
64/M A-BF SLE 1 Popliteal disruption vessel quite Resuturing Alive 
F-P ASHD friable 
60/M A-BI Hypertension 4 Disruption left iliac Interposition 
5 Proximal aortic and right iliac Ruptured aor- Expired 
disruption, vessel torn toduodenal 
fistula 
79/M A-SG ASHD 8 Total disruption of graft from aorta Interposition Survived 
graft | 
64/M A-BF Hypertension 4 Partial dehiscence of both femoral Resuturing,inter- Alive 
anastomoses; grafts under excessive position graft 
tension 
59/M A-BF Hypertension 1 Total disruption of proximal Expired 
anastomosis 
43/M A-BF Hypertension 7 Bilateral femoral disruption Interposition Recurred 
' ASHD 9 Proximal aortic disruption, tears in Interposition Alive 
vessel graft 
10 Bilateral femoral Being 
followed 
58/M A-BF None 3 Bilateral femoral anastomotic Interposition Recurred 
disruption 
8 Bilateral recurrence Direct resuturing Stable 
and followed 
76/M FP Hypertension 0.5 Occluded graft, disruption of suture Ligation of graft, ^ Viable limb 
line, tears in vessel, graft under Dacron angio- 
excessive tension plasty 
64/M A-BF Hypertension 7 Femoral dehiscence, vessel torn Interposition Alive 
ASHD graft 
57/M A-BF ASHD 6 Femoral disruption Interposition Alive 
graft 
70/M A-BF ASHD 6 Partial femoral disruption Direct resuturing Alive 
66/M A-SG None 4.5 Proximal aortic dehiscence Interposition Alive 
graft 


Note: AAA, abdominal aortic aneurysms; A-BF, aorto-bifemoral bypass graft; A-BI, aorto-bi-iliac bypass graft; ASHD, atherosclerotic 
heart disease; A-SG, aortic straight graft; Ax-F, axillo-femoral bypass graft; CE-VP, carotid endarterectomy with vein patch; CVI, cerebro- 


vascular insufficiency; F-F, femoro-femoral bypass graft; F-P, femoro-popliteal bypass graft; SLE, systemic lupus erythematosis. 
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well until 1974 when he began experiencing severe mid-abdominal pain 
and a pulsatile mass was palpated in the supraumbilical area. He 
underwent reoperation ror suspected proximal aortic anastomotic 
aneurysm, at which time a huge false aneurysm, several broken sutures 
and multiple tears in the aorta were found. A Dacron interposition graft 
. was performed (Prolene® suture), and he recovered after a prolonged 
ileus. He was seen in followup.several months later and large bilateral 
femoral anastomotic aneurysms were noted. At reoperation, both suture 
lines were dehisced and interposition grafts were performed between 
existing grafts and common femoral arteries using Dacron and 
Prolene?, He has now developed recurrences of both femoral 
anastomotic aneurysms which are small (1 cm) and asymptomatic. At 
none of his operations was evidence of infection present and cultures of 
the aneurysm contents were sterile. 

Comment: This patient illustrates the role of nonsynthetic suture 
material, degenerative changes in the host vessel and graft tension in the 
development of anastomotic aneurysms which, in the case of the femoral 
aneurysms, has not been corrected by the use of synthetic sutures and 
lengthening of grafts. 

Case 2. A 76-year-old man underwent a left femoro-popliteal bypass 
graft (reversed saphenous vein and Prolene®) in 1975 for severe 
claudication and rest pain. Six months later, a 4 cm left femoral aneurysm 
was noted. At operation, the graft was found to be occluded while the 
sutures were within the vein graft, but dehisced from the artery; the 
operator noted that the graft was under excessive tension. The graft was 
ligated and a Dacron patch angioplasty was performed on the common 
femoral artery. Although he has done well, reports no rest pain and hasa 
viable leg, his severe claudication has returned. 

Comments: Anastomotic aneurysms of saphenous vein femoro- 
popliteal grafts are unusual as only two other reports are found in the 
literature.”-!° This case also illustrates the apparent role of graft position 
and tension and weakness of the arterial wall in the evolution of such 
aneurysms. 


Results 


Twenty-three patients with 34 anastomotic aneurysms 
serve as the basis for this report (Table 1). There were 21 
men and two women in the population studied. The ages 
ranged from 43 to 80 years with a mean of 65. Eight 
patients had concurrent hypertension. The original 
operation performed was aorto-bifemoral bypass in 11 
patients, straight aortic graft in 5, carotid endarterectomy 
with vein patch in 3, femoro-popliteal bypass in two, 
axillofemoral, aorto-iliac and femoro-femoral bypass in 
one case each. The approximate time of onset of 
aneurysm ranged from 6 months to 14 years with a mean of 
5.4 years. There were 5 patients with multiple aneurysms. 
Two patients had two aneurysms each, one with three, 
one with 4 and one with 5 aneurysms. The aneurysms 
were located in the femoral area in 21 cases, proximal 
aortic area in 7, carotid vein patch in 3, iliac area in two 
and popliteal in one case (Table 2). Aneurysms were seen 


.in association with synthetic grafts in 19 patients (30 


aneurysms) and with autogenous vein in 4 cases. Silk 
sutures were used in 9 cases, cotton in one, while 
synthetic material was used in the remaining 14 cases 
(Table 3). 

The predominant operative findings were dehiscence of 
the suture line, tears in the host artery and excessive 
tension at the anastomotic site. The most common 
reparative procedures performed were direct resuturing of 
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TABLE 2. Location of Anastomotic Aneurysms 


Number of % of Total 

Aneurysms Aneurysms 
Femoral 21 61.6 
Proximal aortic 7 20.4 
Carotid 3 9.0 
Iliac 2 6.0 
Popliteal I 3.0 
Total 34 100.0 


the anastomosis or interposition grafts to lengthen the 
graft (Table 1). 

Operative results were generally good, although one 
patient died preoperatively, one died postoperative y of 
an unrelated problem and there were two patients with 
recurrent anastomotic aneurysms. 


Discussion 


The healing of suture lines between graft and artery 
occurs by an outer fibrin layering, which is soon replaced 
by connective tissue, and covering within by a pseudoin- 
tima.??18 The tensile strength of this tissue is quite low ; the 
integrity of the anastomosis is, therefore, dependent on 
the strength of the suture material. Accordingly, the use of 
silk sutures has correlated well with the development of 
anastomotic aneurysms. Indeed, Moore? reported frag- 
mentation of silk sutures in every case reported in 1970 
and cited this as the primary causative factor in his series. 
The use of synthetic, knitted grafts and synthetic, 
permanent sutures is therefore imperative, although as 
seen by our data and others, this complication continues 
to occur significantly today despite this practice. 

The relationship between postoperative infectior and 
the development of these aneurysms is dejinite and 
inescapable.* However, many authors? report significant 
numbers of nonseptic aneurysms, and in our series, none 
of the patients had evidence of infection. 


TABLE 3. Graft and Suture Material Associated 
With Anastomotic Aneurysms* 


Number of % of Number of % of 
Grafts Cases Aneurysms Aneurysms 
Grafts 

Dacron 15 62.6 25 73.5 
Tefion 5 20.8 5 H.7 
Vein 4 16.6 4 [1.8 
Total 24 100.0 34 1C0.0 

Sutures 
Silk 9 37.5 11 32.4 
Tycron® 6 25.0 8 23.6 
Tevdek® 5 20.7 7 20.6 
Ethiflex® I 4,2 l 2.9 
Cotton 1 4.2 I 2.9 
Prolene® 1 4.2 5 24.7 
Dacron I 4.2 I 2.9 
Total 24 100.0 34 100.0 


* Includes recurrent aneurysms. 
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The location of the graft. anastomosis, particularly 
across the hip joint, remains a critical factor.*!714 The 
accentuation by joint movement, and hence graft motion, 
of the usual stress forces present in an anastomosis would 
certainly seem important. Indeed, over 60% of the 
aneürysms in our series were in association with grafts 
made across joints. x 

The importance of postoperative anticoagulation and 
the development of these aneurysms has been proposed 
by Christenser? and others.? Fifty per cent of the patients 
in his series were anticoagulated in the first postoperative 
week. Keeping in mind the initial stages of development of 
these aneurysms and the inherent imperfections of graft 
material, this practice would seem important in the 
evolution óf this complication. Salzman's emphasis: on 
platelet thrombosis in arterial occlusions being minimally 
affected by the use of heparin, coupled with the known 
interference with normal hemostatic mechanisms, makes 
this practice seemingly unwise.!? "E 

. A number of physical factors: such as disproportion of 
compliance between graft and host vessel, vibratory 
fatigue and shearing forces along the anastomosis 
apparently play important roles in the development of 
anastomotic aneurysms. Schultz et al.” studied graft-ar- 
tery compliances and found a rather significant dispropor- 
tion. Such a disproportion could result in unusual stress, 
shearing forces, on the more compliant, although much 
weaker, arterial wall. The combination of rigid grafts and 
shearing forces, amplified by joint and graft motion would 
certainly seem contributory to unusual stress at an 
anastomotic site. Vibratory fatigue may also contribute to 
weakening of the suture line. The. older practice of 
end-to-side anastomosis through a slit arteriotomy was 
shown by Szilagyi?” to result in a sharp-edged orifice and 
diminished, turbulent flow. More importantly, energy and 
hydraulic gradients drop sharply as blood passes through 
this orifice and significant force is asserted m all 
diameters of the conduit and anastomosis. 

The most common cause of faulty healing of nonin- 
fected vascular anastomoses is degeneration of the host 
vessel.? Benjamin, ? recognizing the importance of the 
vasa vasorum in the healing of vascular anastomoses, 
demonstrated that these vessels arise from branches ofthe 


host artery, rather than the lumen, and intimated that. 


injury to these vessels leads to relative ischemia of the 
suture line and improper healing. Indeed, several 
studies,?:1? including our own report, show a significant 
number of arterial wall defects and degeneration of the 
host artery in association with anastomotic aneurysms. 
We would, therefore, propose that a combination of 
` factors are of primary importance in the development of 
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anastomotic aneurysms. The relationship between faulty 
healing of an anastomosis and deterioration of the host 
vessel, coupled with excessive forces, shearing and . 
vibratory, in the evolution of this complication seems 
inescapable. Secondarily important would seem position 
of the graft in accentuation of shearing forces and 
postoperative anticoagulation in initiating hematoma 
formation. With the almost universal use of knitted grafts, 

synthetic sutures, prophylactic antibiotics and the often 
discouraged use of endarterectomy, these factors would 
seem less important today. 
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The "n" of Clinically Undatdidablo Pulmonary E dema on 
omall Airway Closure in the Dog 


ALDEN H. HARKEN, M.D., MAJ, MC*, NICHOLAS E. O'CONNOR, M.D.t 


The relationship between elevated pulmonary extravascular water 
volume (PEWV) and small airway closure was examined. The slow 
accumulation of lung water was achieved by a combination of 
pulmonary venous hypertension and mild hemodilution. PEWV 
was measured using a double indicator method based on the 
differential right to left transit time for simultaneously injected 
Evans blue dye and tritiated water. Trapped gas volume (VTG) 
was measured by the helium equilibration technique. Clinically 
undetectable levels of pulmonary engorgement and edema were 
reproducibly associated with an increase in gas trapping. Positive 
end expiratory pressure reduced, but did not abolish, edema 
formation. Evaluation of airway closure, with consequent gas 
trapping and pulmonary shunting, is currently. non-invasive, 
simple and safe. Determination of gas trapping or closing volume 
should be incorporated into the routine pre-operative evaluation of 
patients prior to major surgery. 


MALL AIRWAYS in the lung, 2 mm or less in diameter, 
S are not supported by cartilage and are thus suscep- 
tible to collapse. Airway closure occurs when the 
compressive forces outside airways exceed intra-airway 
pressure. When airways close, distal gas is trapped. 
Trapped gas rapidly equilibrates with venous gas ten- 
sions. These non-ventilated (trapped) alveoli remain 
perfused resulting in pulmonary shunting. Airway closure 
is the dominant cause of ventilation-perfusion (V4/Q) 


imbalance in surgical patients. Gas trapping distal to - 


closed airways has been measured by many inves- 
tigators.*!” The volume of trapped gas (VTG) increases 
with a decrease in functional residual capacity (FRC).? 
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VTG increases with arci and obesity. š A change from the 
upright to the supine position augments airway closure. 717 
Gas trapping has been associated with the late stages of 
both hepatic”? and renal failure.? Recently, increased 
airway closure has also been documented in patients with 
acute myocardial infarction even without clinical cr x-ray 
evidence of congestive heart failure.!* This implies that 
pulmonary blood shunting due to gas trapping may 
become operative at clinically undetectable levels of 
pulmonary engorgement and fluid overload. The purpose 
of this study was therefore to: 1) investigate the influence 
of an increased pulmonary extravascular water volume 
(PEWV) on small airway closure, and 2) to examine the 
influence of increased airway pressa on the accumula- 
tion of PEWV. 


Methods 


The measurement of FRC and VTG was accomplished 
by a modification of the closed-circuit. helium FRC 
technique of Meneely. The spirometer (W.E. Collins 
Inc., Braintree, Mass.) was filled with sufficient gas to 
allow the dog to. inspire one liter above FRC. The 
concentration of helium was measured by a catharometer : 
with digital read-out to +0.02% (W.E. Collins, Inc., 
Braintree, Mass.). With the dog intubated and breathing 


quietly, the endotracheal tube was connected to the 


spirometer. FRC was measured in the usual manner, by 
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TABLE 1. Production of Pulmonary Edema (11 Dogs) 





Control Period Edema Period 


X S.D. X S.D. 
Total protein | 6.3 0.5 4.5 0.4 
Albumin 1.9 0.4 1.3 0.3 
LAP (cm HO) 6.7 3 18.7 4.1 
PEWV 3.69 0.88 5.18 1.4 
Cardiac output 3.35 1.07 4.53 1.15 
Tp, (mm Hg) 21.9 2:4 14.5 3.2 


switching a valve connecting the dog to the spirometer at 
end expiration. Oxygen was continuously added and CO, 
absorbed to maintain a stable baseline on the spirometer 
tracing. FRC was calculated when equilibration of the 
helium between the lungs and spirometer had occurred. 
Then with the dog still connected to the spirometer, gentle 
intermittent downward pressure was applied to the 
spirometer drum during the inspiration. This maneuver 
produced a breath approximately 3—4 times as large as the 
spontaneous tidal breath. Three large breaths were 
repeated 12-15 times until there was no further decrease 
in helium concentration. A decrease in helium concentra- 
tion was taken as evidence that previously unventilated, 
helium free areas of lung were mixing with the gas in the 
spirometer. VTG was then calculated as the difference 
between FRC and this total volume. 

PEWV was measured by the double indicator-dilution 
technique of Chinard.* Twenty mg of Evans blue dye was 
used as the non-diffusible indicator. One hundred 
microcuries of tritiated water was used as the diffusible 
indicator. The two indicators were made up to a volume of 
2 ml and injected through a catheter into the right atrium. 
Samples were collected at 1 second intervals from a 
femoral artery catheter and analyzed for the respective 
indicators by standard methods.5?? PEWV was calculated 
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by the method of Zierler.?5 The cardiac output was 
calculated from the Evans blue dye curve. The mean 
transit time for tritiated water was calculated. The volume . 
of dilution of tritiated water was obtained by multiplying 
its mean transit time by the cardiac output. The difference 
between the volume of dilution for tritiated water and 
Evans blue dye is reported as PEWV. 

Sixteen adult mongrel dogs* weighing 23 to 34 kg were 
anesthetized with intravenous pentobarbital 25 mg/kg. 
They were intubated with a cuffed endotracheal tube and 
studied in the supine position. FRC and VTG were 
determined in the preoperative period. A left thora- 
cotomy was performed and a thin walled 12 ml capacity 


rubber balloon was placed into the left atrium and left 


deflated. Polyethylene tubing (P.E. 200) was led from the 
balloon and left subcutaneously. 

One to 4 days later, all dogs were re-anesthetized and 
re-intubated. FRC and VTG were again determined 
(control period) in the supine position. Central venous and 
femoral artery cannulae were placed. The subcutaneous 
left atrial balloon catheter was retrieved and a pressure 
measured. PEWV (control) was determined. Blood was 
obtained for the determination of total protein, albumin, 
hematocrit and arterial blood gases. 

The period of pulmonary venous hypertension and 
hemodilution was then initiated by adding 7 cc of air to the 
left atrial balloon. During the next hour the dog received 
70 cc/kg Ringer's lactate intravenously. Throughout the 
period of edema production the dog was ventilated (IPPV) 
with a Harvard respirator (15 cc/kg tidal volume) and an 
inspired oxygen concentration of 100%. 


* In conducting the research described in this report the investigators 
adhered to the Guide for Laboratory Animal Facilities and Care, as 
promulgated by the Committee on the Guide for Laboratory Animal 
Facilities and Care of the Institute of Laboratory Animal Resources, 
National Academy of Sciences-—National Research Council. 


TABLE 2. Pulmonary Edema and Hemodilution 


Control Period 


Edema Period 


Total Total 
Protein Protein 
Dog No. LAP Albumin C.O. PEWV LAP Albumin C.O. PEWV 
‘I 15 3.20 4.27 25 4.5/1.3 2.92 5.54 
2 9 6.4/1.7 2.13 4.37 25 4.1/0.9 3.43 7.7& 
3 5 7.2/2.0 1.67 1.83 14 5.1/1.3 3.98 3.69 
4 4 5.6/1.6 2.08 3.10 15 4.3/1.2 3.51 4.19 
5 8 6.3/1.8 5.37 3.43 21 4.8/1.3 6.33 4.61 
6 8 6.9/1.7 3.59 5.06 16 4.9/1.4 4.19 5.59 
7 6.5/2.4 3.11 4.04 4.5/1.5 4.13 4.54 
8 4 6.1/1.8 3.28 3.22 14 4.1/1.4 6.09 3.89 
9 4 5.8/2.1 3.99 3.14 19 4.1/1.5 5.54 5.01 
10 4 5.7/1.2 4.37 4,39 18 4.4/0.7 5.02 7.72 
11 6 6.5/2.7 4.57 3.76 20 5.0/1.8 5.44 4.44 





LAP: Left atrial pressure (cm H5O). Total protein and albumin (gms/100 ml). C.O.: Cardiac output (liters/minute/30 kg dog). PEWV: Pulmonary 


extravascular water volume (ml/kg). 
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PRE-OP CONTROL EDEMA 


Fic. 1. Volume of trapped gas (VTG), mean + standard deviation (ml) 
during pre-operative, control and edema periods. 


One hour following balloon inflation PEWV was 
determined (edema period). Blood was obtained for total 
protein, albumin, hematocrit and arterial blood gases. The 
dog was then disconnected from the ventilator and FRC 
and VTG redetermined. 

Dog numbers 12~16 were ventilated during the hour of 


“w. pulmonary venous hypertension and hemodilution with 12 


lf 
P, 


cm H,O positive and expiratory pressure. 

Differences in trapped gas volume (VTG) and pulmo- 
nary extravascular water volume (PEWV) in the preop, 
control and edema periods were evaluated using a t-test 
for paired data. VTG and PEWV were also related by a 
regression equation. 


Results 


Pulmonary vascular engorgement and edema was 
produced by a combination of left atrial outfiow obstruc- 
tion, fluid overload and mild hemodilution. In the initial 11 
dogs (#1-—11) ventilated with IPPV (Tables 1 and 2), left 

‘atrial pressure increased from 6.7 + 3.5 cm H,O to 
18.7 + 4.1 cm HO (mean + SD). Total protein de- 
creased from 6.3 = 0.5 gm/100 ml to 4.5 + 0.4 gm/100 ml 
(mean + SD). Albumin decreased from 1.9 + 0.4 to 
1.3 + 0.3 gm/100 ml (mean + SD). Plasma oncotic 
pressure (spl) was calculated using the method of Landis!” 
and decreased from 21.9 + 2.7 mm Hg to 14.5 + 3.2 mm 
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TABLE 3. Edema During IPPV vs. CPPV 





Control Period Edema Period 


LAP PEWV LAP PEWV 
11 Dogs X 6.7 3.69 18.7 5.18 
(IPPV) S.D 3.5 0.88 4.1 1.40 
5 Dogs X 8.2 3.04 24.0 3.96 
(CPPV) S.D 2.3 1.23 2.0 1.09 





Hg (mean + SD). This moderate increase in left atrial 
pressure combined with a small decrease in plasma 
oncotic pressure was associated with a clinically unde- 
tectable increase in pulmonary edema by Levine and 
colleagues. Rales were not audible in any animals. 
Cardiac output increased from 3.35 + 1.07 l/min to 
4.53 + 1.15l/min (mean + SD). During this 1 hour period 
pulmonary extravascular water volume increased pro- 
gressively from 3.69 + 0.38 ml/kg to 5.18 + 1.40 ml/kg 
(mean + SD) (Table 1). PEWV was greater in the ecema 
period as compared to the control period (P < 0.001). 
Preoperative, intubated, anesthetized dogs had variable 
functional residual capacities but negligible trapped gas: 
i2 + 28 ml (mean + SD) (Table 3). Several days follow- 
ing thoracotomy FRC had decreased by a mean of 
150 + 52 ml and VTG had increased to 107 + 40 ml. 
Following the production of edema FRC remained 
relatively stable (down from the preop value —143 + 80 
ml) but VTG continued to rise mean 170 + 43 ml (Fig. 1). 
The increasé in PEWV was related toa concomitan: eleva- 
tion in VTG by the regression equation PEWV = 0.01 
VTG + 2.93 (Fig. 2). 
The precision of this technique of gas measurement is 
approximately +6%. One hundred ml aliquots of room air 
were added to a spirometer circuit 50 times, the mean 
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Fic. 2. Pulmonary extravascular water volume and trapped gas volume 


are related by a regression equation for the control (©) and edema (x) 
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TABLE 4. 

l Control Period Edema Period 
Dog No. LAP C.O. PEWV LAP C.O: .PEWV 
1 9 590 476 23 308 4.56 
13 5 6.42 89 25 486 219 
14 9 2.95 1.87 25 4.26 = 4.30 
15 7 293 3.69 201 3413 50i 
16 H 306 29 26 48 — 272 





LAP: Left atrial pressure (cm H,O). C.O.: Cardiac output (/min/ 
30 kg:dog). PEWV: Pulmonary extravascular water volume (ml/kg). 


calculated rese in spirometer volume was 97.5 + 5.7 
ml. The accuracy of this technique is difficult to assess, 
however, prior work in this laboratory has revealed a 
mean: difference of 23 ml in sequential VTG measure- 
ments in the same animal. m o i 
Arterial blood gases were ‘obtained i in both control and 
edema periods. Thei increase in PEWV and VTG was not 
sufficient to impair gas exchange i in these initially normal 
lungs. Arterial oxygen tension (inspired. oxygen concen- 
trátion 100%) was mean 500 torr and 480 torr in each period 


with no significant difference. The animals’ were mildly 


hyperventilated curn d the study mean Paco, 20 torr, pHa 
7.49. 

-Five dogs (#12~ 16) were subsequently ES using 
the same. model except during the production < of edema, 12 
cm water end expiratory pressure was added to the 
ventilatory cycle (Tables 3 and 4). Mean: left atrial 
pressure rose from 8.2 + 2. 3 cm H:O to 24. 0 x 2.0 cm 
HÒ (mean + SD). PEWV TOSe concurrently from 
3.04 + 0.4 cc/kg. to 3.96 + 0.5° cc/kg - (mean + SD): 
PEWV in the control and edema periods was not lereni 
(P 201. ; . . 
^ Previous unpublished wo done i in this laboratory has 
determined that duplicate PEWV measurements in both 
normal and stressed dogs to be reproduceable to +7%. We 
have also shown that this method of measuring PEWV 
accounts for 64.6 + 7.996 of the total lung water 
(Gravimetric) in’ both. normal and edematous lungs at 
autopsy: i 


Discussion 


The volume of the pulmonary extravascular compart- 
ment may fluctuate rapidly in response to - a patient's 
hemodynamic condition. Except’ in extreme instances, 


this parameter is almost impossible to evaluate clinically ' 


or radiologically. A recent study in coronary patients! 


suggests: that. clinically undetectable left véntricular ' 


. failure may lead to an increase. in lung interstitial water 
which in turn, may promote small airway closure. The 
resultant pulmonary shunting’ ‘might further cripple 
patients with already compromised, palm onaey function. 
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Heretofore, the link between pulmonary extravascular 
Water and small airway closure has been conjectural. The 
methods of. evaluating pulmonary- interstitial water have- 
been invasive and crude. The therapy of this undiagnosa- - 
ble interaction: between small airways and lung water has 
been theoretical and blind. 

Exchange of water into and out of the vessels of the lung 
is governed by both intra- and extravascular hypostatic 
and oncotic pressure (Starling’s law). Levine and cowork- 
ers?! have produced pulmonary engorgement-and edema 
in dogs by altering both pulmonary capillary hydrostatic 
and oncotic pressures and in the present study we have 
used a similar technique. In an attempt to more accurately 
reflect the clinical situation, however, the imposed 
transcapillary pressure change wàs only moderate. For 
complete evaluation of transcapillary filtration, the 
extravascular forces of interstitial hydrostatic (Pi) and 
oncotic (mi) pressure must bë recognized.? These 
pressures were not measured. The intravascular pressure 
(LAP-z,;), following an hour of pulmonary venous 
obstruction and mild hemodilution, increased from a mean 


of -15.2mmHgtoa mean of --4.2 mm Hg. This alteration 


in transcapillary filtration pressure consistently increased 
PEWV (edema period) above PEWV . (control period) 
(P « 0.001). 

Guyton” first suggested that interstitial hydrostatic 
pressure was negative and demonstrated this by implant- 
ing subcutaneous capsules in dogs.7 He further. dem- 
onstrated that when these ‘tissues become edematous, 
the interstitial pressure increases from negative to positive 
(an increase of at least.6—9 mm Hg).!323 

We have tried fo investigate ‘the influence of this 
increased airway pressure on airway closure. Under 
normal circumstances the patency of small airways 
depends on a balance of five forces (Fig. 3): 1) positive 
intra-airway pressure tends to hold airways open, 2) the 
elastic recoil of the lung effects a radial traction on airways 
that promotes patency, 3) the surface tension (countered 
by surfactant) tends to collapse both alveoli and the small 
tubular airways, 4) smooth muscle, responsive to both 
neural and hormonal command may constrict airways all 
the way down to the alveolar ducts, and 5) the gravity 
influenced pleural pressure may compress the lung 
particularly over its. dependent portions. In addition, 
Hales and Kazemi'* have postulated the presence ofa 
limiting membrane of connective tissue encompassing 
both extra-alveolar vessels and small airways. If intersti- 
tial fluid pressure (Pià were to increase, inside the limiting , 
membrane, the poorly supported smal airways ane 
tend to collapse. 

' Airway closure can be documented clinically elther as 
closing volume? or trapped gas volume.® Both methods 
require a large degree of patient cooperation and are 
therefore not suited for use in animals. In this study, we 
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have modified the closed circuit helium trapped gas method 
of Don? for use in laboratory animals or uncooperative 
(anesthetized) patients. This method introduces a known 
^ volume of an inert gas (helium) into a spirometer, After 
complete mixing, the concentration of helium is deter- 
mined and the volume of the spirometer may be 
calculated. The spirometer is then connected to the animal 


at functional residual capacity. The helium in the 


spirometer is further diluted into the exchangeable gas in 
the animal's lungs. Again, the final helium concentration 
permits calculation of the volume, of dilution (FRC). 
During normal breathing, any non-exchangeable (trapped) 
gas in the lungs will not dilute the helium and will not 
be ‘‘seen’’ by this technique. A spontaneous deep breath 
(Cooperative patient) or forced inhalation (animal) both 
require identical transpulmonary pressures (of opposite 
sign). If such a deep breath opens small airways 
uncovering previously non-exchangeable (trapped) gas, 


then the helium concentration will be further diluted. If 
«~ Such a deep breath expands areas of total collapse 


(atelectasis), there will be no further dilution of the helium 
and helium concentration will not fall. With this method, 
therefore, any drop in helium concentration associated 
with deep breaths is calculated as trapped gas and could 
not represent microatelectasis. 

Our data associate increased gas trapping both with a 
thoracotomy and also with a small subclinical increase in 
pulmonary extravascular water. Coupled with this in- 
crease in trapped gas was a concomitant decrease in 
functional residual capacity. Two mechanisms for the 
parallel relationship between rising PEWV and increased 
gas trapping have been suggested: 1) the cuffing and 
compressing action of the interstitial fluid within a limiting 
membrane may force premature closure of small airways 
and 2) an increase in pulmonary wedge pressure has been 
associated with a loss of lung recoil at lung volumes below 
FRC.! 

Significant airway closure may occur in patients 
considered clinically healthy. Gelb and Zamel’® have 
identified a group of patients with normal pulmonary 
function by routine testing; but abnorma] alveolar-arterial 
oxygen gradients. These investigators detected small 
airway closure in these patients. Airway closure may be 
evaluated simply and safely by either helium or nitrogen 
wash-out techniques.? In this manner, patients with a 
predilection to pulmonary shunting can be recognized 
preoperatively. 

Once high risk patients have been identified, what can 
be done? We looked at the influence of positive end 
expiratory pressure on edema production (PEWV) in the 
lung. Using the same model as was evaluated in the first 11 
dogs, FRC was increased by adding 12 cm positive end 
expiratory pressure during the period of edema formation. 


*& Control PEWV was slightly less but not significantly 
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Fic. 3. Balance of five forces controlling integrity of small airways and 
alveoli: 1) intra-airway pressure tends to hold airways open, 2) the elastic 
recoil of the lung effects a radial traction on airways that promotes 
patency 3) surface tension tends to collapse both alveoli and small 
airways (4) neurally and hormonally controlled smooth muscle tone may 
constrict airways, 5) gravity influenced pleural pressure may compress 
dependent portions of the lung. In addition, when the normally negative 
interstitial fluid pressure (Pj) is rendered positive it may compress small 
airways. 


different from the initial 11 dogs (3.04 vs 3.69 ml/kg). 
When end expiratory pressure and thus FRC were 
increased, PEWY again increased as a result of pulmo- 
nary venous hypertension and mild hemodilution (Table 
3). This increase was not significant however (P « 0.1). In 
a prior study of low pressure pulmonary edema in dogs,® 
we found similarly that positive end expiratory pressure 
(PEEP) did not abolish edema formation; but the rate of 
water accumulation may be slower. Other investigators 
have noted a variable influence of PEEP on pulmonary 
edema.7?8 In addition to end expiratory pressure, airway 
closure may be minimized by elevating postoperative 
patients (whenever possible) into the upright position.®* 
Knowledge of a patient's predilection toward airway 
closure should also suggest the San use of diuretics 
postoperatively. 

We conclude that pulmonary eugormement and edema 
can be reproduced i in dogs and is routinely associated with 
small airway closure. An increase insairway pressure does 
not eliminate but may retapf sédéma'oformation. A 

e -. 
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tendency toward small airway closure can be simply and 
safely identified in clinically normal preoperative patients. 

On the basis of this study, further investigation into the 
relationship between small airway integrity, pulmonary 
extravascular water and the possible influence of PEEP 
appear warranted. Preoperative evaluation of airway 
closure is currently non-invasive, simple and safe. 
Determination of gas trapping or closing volume should be 
incorporated into the routine preoperative evaluation of 
patients prior to major surgery. 
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Physical Properties of Surgical Suture Materials. 


Stress-Strain Relationship, Stress-Relaxation and Irreversible Elongation 


The stress-strain relationship, the stress-relaxation and the 
irreversible elongation of different suture materials were investi- 
gated. It was found that the distensibility of the fibers varied 
greatly. Most fibers were found to be chiefly elastic but some fibers 
were elastic when a moderate load was applied and plastic when 
the load increased. Some fibers, especially Prolene, were plastic 
also when moderate load was applied. The importance of 
information concerning these and other physical properties of 
surgical suture material is pointed out. In the future, surgeons will 
not have to accept suture materials with unknown physical 
properties but will demand fibers with defined properties for every 


purpose. 


EW SURGICAL suture materials are continuously 
| introduced but the information concerning their 
physical properties is limited. In the United States 
Pharmacopoeia (USP) the strength and cross-diameter 
are the only physical data that are used to specify surgical 
suture materials. Many other properties such as distensi- 
bility, surface friction, flexibility and knot properties are 
of great interest to the surgeon.! This report will focus 
upon the stress-strain relationships (distensibility), the 
stress-relaxation and the irreversible elongation after 
single and repeated stress of different types of surgical 
suture materials. 


Definitions 


* No solid body is completely rigid. A force which acts on 
a solid body without displacing it will deform it. When this 
force is removed the perfect elastic body regains exactly 
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its original form, but when a body retains the deformation 
it 1s said to be plastic. 

The deformation produced in an elastic body is called 
the strain and the force causing it is called the stress. 
Three types of strain can be distinguished; 1) longitudinal 
deformation; 2) compression; 3) shear or angular deforma- 
tion. The relation between the stress and the strain of 
these three types of deformation are defined by different 
moduli of elasticity. The deformation most commonly 
considered is that of longitudinal strain due to a 
longitudinal tensile stress. The modulus that describes 
this is called Young's constant (E). 


Applied load per unit area of cross-section 


Increase in length per unit length 


Increase in length per unit length is called elongation (e). 
If the cross area is approximated to be similar for all 3-0 
suture (USP) the formula (1) can be written 


Applied load 
E- pp K 


(2) 
e 
If the load is kept constant = 1 kp 
1 
B= —-K (3) 
e 


] 
That is, — can be used to describe the modulus of elas- 
e 


ticity of different 3-0 suture materials. 
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Fic. 1. Stress-strain curves of different suture materials. Initial length 
8.5 cm. EL = Elastic Limit. 


For many fibers only the initial stress-strain relationship 
is linear or almost linear. Beyond a defined load/unit area 
the plastic stress-strain relationship begins. This load is 
usually described as the elastic limit. For some suture 
materials the elastic limit is well defined (steel) but for 
others it must be approximated. 
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In the present study this approximation is performed in 


_ the following way: A line is drawn through the two points 


in the stress-strain curve representing a load of 0 and 1.0 
kp respectively. This line crosses the stress-strain curve a” 
third time at the elastic limit (Fig. 1). The fibers break at 
the Yield Point and the elongation at this point is called 
elong*?. Most materials, including all living tissues and all 
suture materials, show a visco-elastic behavior when a 
continuous stress 1s applied. When a suture material is 
stretched and then held at the new length, tension 
gradually falls. This phenomenon is known as Stress 
relaxation. Similarly when constant or repeated loadings 
are applied to the material, it will increase in length 
immediately and then continue extending until it reaches a 
state of equilibrium. This phenomenon is known as creep. 
Owing to the plastic behavior and the creep phenomenon 
the length of a suture strand increases with the intensity 
and duration of the stress applied. One part of this 
elongation, the irreversible elongation, remains also when 


the load is withdrawn. 


Method 
Stress-strain Relationships 


Untied strands of different suture materials (all 3-0) 
were gripped with the jaws of an Instron Table Model 
TM-M Tensiometer. The distance between the jaws was 
8.5 cm and the jaws were distracted with a constant rate of 
50 mm/min. The tension and the elongation of the suture 
strands were recorded on an ink-writing recorder, paper 
speed 100 mm/min. From the stress-strain curves the 
modified modules of elasticity (l/e), the elastic limit, 
the yield point and the elongation at this point for every 








TABLE 1. 
i En Elastic Limit Elong.** Yield Point Elong.*? 

Suture Material (3-0) e (Kp) (26) (Kp) (76) 
Ethilon blue 52 1.3 24 1.8 43 
Ethilon black 57 1.7 28 2.4 34 
Nylon (Astra) 59 24 35 2.4 45 
Prolene 80 1.0 15 1.8 55 
Nylon (Ethicon) — 81 L3 18 2.1 35 
Supramid 110 2.4 20 2.4 2 
Catgut Chromic 110 1.0 9 2.4 2 
Catgut Plain 110 1.0 9 2.5 2 
Dexon 140 1.0 7 2.3 2 
Ethiflex (Ethicon) 170 4.1 20 4.1 2 
Dacron (D & G) 190 3.1 13 3.3 19 
Tevdek (SSC) 190 3.1 13 3.3 17 
Mersilene (Ethicon) 230 3.4 17 3.4 17 * 
Silk (Astra) 240 1.0 4 2.4 22 
Silk (SSC) 240 1.0 4 2.1 9 
Silk (Ethicon) 280 1.0 3 2.0 16 
Silk (D & G) 420 1.0 2 2.1 11 
Linen (Ethicon) 570 3.4 3 3.4 3 
Steel (Polyfil) 850 1.5 2 2.7 30 
Steel (Monofil) 1200 21 2 3.6 65 
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suture material were estimated. The values obtained 
represent the mean of 4 estimations. 


Irreversible Elongation of Different Suture Materials 
After Single and Multiple Loadings 


Strands of different types of suture materials were 
placed in the jaws of the tensiometer and were distracted 


with the same speed as described above and were stressed 


with a single or with 30, 60, 120, 240 or 360 loadings of 1.5 
kp. After every loading the jaws were rapidly replaced to 
their original position. The irreversible elongation after 
each loading was estimated immediately after the re- 
placement of the jaws. 


Stress-relaxation of Different Suture Materials 


Strands of the different suture materials were placed in 
the jaws of the tensiometer in the same manner as 
described above and loaded with a stress of 1.5 kp. At this 
load the distraction of the jaws was interrupted and the 
distance between them was kept constant for 16 hours. 
The tension of the strands was registered after 1 min, 3 
min, 60 min, and after 16 hours. After the last registration 
the jaws were replaced to their original position and the 
irreversible elongation was estimated. 


Results 
Stress-strain Relationship (Table 1 and Figs. 1—3) 


The modified modulus of elasticity for longitudinal 
deformation of surgical suture material varied between 52 
(for ethilon blue) and 1200 (for monofil steel) (Table 1). 
The elastic limit varied between 1.0 and 4.1 kp. The 
elongation at this limit varied between 2 and 3596. The 


Load 
kp 
3 
Catgut 

Linen | 
2 | Silk | 
Fic. 2. See legend for Fig- | | 
ure I, | | 
| 
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Fic. 3. See legend for Figure 1. 


yield point varied between 1.8 and 3.4 kp and the 
elongation at this point varied between 3 and 65%. Small 
or no differences in the stress-strain relations were found 
between different catgut fibers, moderate differences 
were found between the different silk fibers but large 
differences in the stress strain relations were iound 
between the different nylon sutures. Linen was found to 
be a very rigid fiber. Steel fibers are rigid (elongation 2%) 
when moderate stress is applied but when a large load is 
used, steel elongates 40 to 65 per cent. The stress-strain 
relationship of the Dexon fiber was almost the same as 
that for catgut. 


Irreversible Elongation of Different Suture Materials 
After Single and Multiple Loadings (Table 2) 


Most 3-0 suture materials do not elongate more than 
1-4% after a single load of 1.5 kp but Ethilon blue 


TABLE 2. Irreversible Elongation of Different Suture 
Materials After Repeated Stress 


Number of Loadings 
Suture Material 

3-0 l 30 60 120 240 360 
Silk (Ethicon) 2 3 3 3 — — 
Catgut (Chromic) 2 4 5 5 — — 
Nylon (SSC) 4 7 8 8 8 8 
Ethilon blue (Ethicon) 7 12 14 14 15 15 
Prolene (Ethicon) 14 18 20 24 2l 30 
Ethiflex (Ethicon) 2 3 3 4 — — 
Suturamid (Ethicon) 3 3 5 6 € — 
Steel monofilament 2 4 4 4 — — 
Dexon 4 7 8 8 — — 


Load 1.5 kp; elongation in per cent of initial length. 
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TABLE 3. Stress Relaxation of Different Types of Suture Material 





Remaining 
Initial Tension (kp) after Irreversible 
Suture Material Stress | ——————————— — Elongation. 
3-0 (kp) l' 3’ 60’ 16h after 16 h (96) 
Silk (Ethicon) 1.5 1.2 1.1 1.0 1.0 4 
Catgut (Chromic) 1.5 1.3 1.2 1.1 L0 3 
Dexon (Davis & 

Geck) l5 L3 R2 LE TO 7 
Nylon (SSC) 1.5 L2 R LE 4I 7 
Ethilon blue (Ethicon) 1.5 L2 Li LL d 12 
Prolene (Ethicon) 1.5 1.1 0.9 0.6 0.3 15 
Ethiflex (Ethicon) 1.5 I2 2 EI 3 
Suturamid (Ethicon) L5 L2 LEX LE Tek 5 
Linen (Ethicon) 1:3 1.2 1.1 1.0 0.9 l 
Steel (monofil) 1.5 1.2 1.2 LI 41 2 


elongated 7% and Prolene 14%. Repeated loadings (120) 
caused a further elongation of 0 to 3 per cent for linen, 
ethiflex, steel, silk and catgut. Dexon and nylon (SSC) 
fibers elongated 4%, Ethilon blue 7% and Prolene 10%. 
For most suture materials elongation did not continue 
after 60 loadings but for Prolene there was a continuous 
increase of the irreversible elongation even after 360 
loadings. 


Stress-relaxation (Table 3) 


The stress-relaxation for most suture materials is 
similar. A loss of tension of 25-33% after one hour was 
found in all materials but Prolene. In the Prolene fiber only 
39% of the initial tension remained after one hour and after 
16 hours only 22 per cent remained. The irreversible 
elongation after 16 hours varied between 146 (linen) and 
15% (Prolene). 


Discussion 
Stress-strain Relationship 


Strength and the diameter of the suture are the only 
physical properties of the fiber that are available to the 
surgeon. Two sutures which have about the same strength 
may be distended quite differently by the same load. 

When a surgeon uses a fiber which is too weak, a rupture 
of the wound will occur; when he uses a fiber which 
distends too much the consequences are not as evident but 
one must assume that it influences the wound healing. 

If the surgeon knows that a particular suture material is 
easily distended he may use a thicker fiber. In such a case, 
however, the strength of such a fiber is not used but its 
resistance against distension. From Fig. 4 one will learn 
that a 2-0 Ethilon and a 4-0 silk fiber are similarly distended 
- when a load of 1 kp is applied. 

By varying the suture technique the surgeon can 
compensate for the differences in distensibility of different 
suture materials. If a very short loop is used, distension of 
the suture material does not result in a wide separation of 
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the wound cleft. That is, a Prolene or an Ethilon suture 
must be short while steel or linen sutures may be wide. 

The ideal stress-strain curve of a suture material is not 
presently known. It is probable that there is an ideal 
distensibility of suture material for every purpose. 
Perhaps the stress-strain curve of the suture material 
should be about the same as the stress-strain curve of the 
tissue in which it is placed. For most purposes the 
stress-strain curve of catgut could thus be recommended. 
If such an assumption is accepted, Supramid, Dexon, silk 
and most braided synthetic fibers can be accepted. Linen 
and steel are too ngid and nylon and Prolene fibers are too 
distensible. 


Irreversible elongation and stress relaxation 


In most suture materials repeated or continuous 
loadings cause little irreversible elongation. That is, a 
suture placed in a wound keeps its initial length even when 


- there is a swelling of the surrounding tissue. This causes, 


of course, a deformation or a destruction of the tissue 
around the suture. When the swelling ceases these 
sutures can again approximate the wound edges. in 
about the same way as when they were placed. Some 
sutures, however, are plastic and are irreversibly de- 
formed by repeated and continuous load. Such sutures 
cause little deformation of the tissue during the exudative 
phase of the wound healing but after this period the suture 
loops are too wide to fulfill their original mission to 
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Fic. 4. The stress-strain curves of different sizes of silk and Ethilon 
fibers. Notice that when a load of 1 kp is applied on a 4-0 silk fiber the 
elongation and thus the separation of the wound edges is less than 
corresponding elongation of a 2-0 Ethilon fiber. 
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Fic. 5. A theoretical stress-strain curve of an Ethilon fiber armed with 
steel. Such a fiber might allow some swelling during the exudative phase 
of the wound healing process but not a wide separation of the wound 
edges by a force applied on the suture line. 


completely approximate the wound edges. It is impossible 
to state which type of suture is ideal. Both types have 
advantages and disadvantages. | 

. Itis, however, important to know that some fibers used 
in surgery are plastic. Such suture materials cannot be 
recommended for tendon sutures or when a steady 
fixation is needed. Sanfelippo? has shown that nylon is an 
unacceptable material for sternotomy. 


SURGICAL SUTURE MATERIAL 
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For skin suture, on the other hand, a plastic suture 
material may be preferable. Such a suture allows swelling 
of the wound region without causing deformation or 
destruction of the skin. When the exudative phase of the 
wound healing is over, such a suture is too wide tut can be 
removed and replaced by an elastic adhesive plaster. 

If the property of the suture material is known the 
surgeon can correctly vary his suture technique. A plastic 
material can be pulled tight but for steel or linen slack 
sutures are recommended. What is then the ideal 
stress-strain relation of. a suture material and what 
irreversible elongation do we prefer? Today we don't 
know, but it might be a combination of Prolene and steel 
with a stress strain curve with two different components 
as described in Fig. 5. 

Such a fiber allows some swelling of the tissue but no 
wide separation of the wound edges. Can such a fiber be 
produced? It is quite possible. It is probable that in the fu- 
ture surgeons will not accept amounts of different suture 
materials with unknown physical properties, but will 
demand surgical suture materials with defined physical 
properties for every purpose. 
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Tracheo-innominate Artery Erosion: 


successful Surgical Management of a Devastating Complication 


JAMES W. JONES, M.D., MARLETA REYNOLDS, M.D., ROBERT L. HEWITT, M.D., THEODORE DRAPANAS, M.D. 


Successful management of a patient with tracheo-innominate 
artery erosion requires the rapid institution of specific resuscitative 
and operative measures. Ten patients seen at the Charity Hospital 
of Louisiana in New Orleans and 127 documented cases from the 
world literature were analyzed regarding predisposing factors, 
diagnostic features, resuscitative measures and operative treat- 
merit. Diagnoses associated with abnormal neck positioning were 
seen in 48% of patients with tracheo-innominate erosions. In 69% 
of 96 instances, the site of erosion was located at the cannula end 
and implicates excessive anterior pressure. Caution is recom- 
mended in those patients with abnormal neck positions, low placed 
tracheostomy stomas and individuals with asthenic habitus. 

Resuscitative measures were highly successful when the tracheal 
balloon was inflated or when the method of retrosternal finger 


pressure was used. All personnel providing care for patients with - 


tracheostomies should be aware of the initial measure of balloon 
inflation. Operative measures which permanently interrupted the 
innominate artery in the area of possible future erosion were the 
most successful. Of the 22 cases in which the innominate artery was 
sacrificed, only one had evidence of cerebral ischemia. Timely 
institution of proper measures can result in salvage of an 
unexpected number of these otherwise dramatic fatalities. 


RACHEO-INNOMINATE ARTERY erosion occurring after 

the apparent successful management of a difficult 
clinical problem is a devastating complication, both for the 
patient and the morale of the attending physician. A rush 
of blood from the tracheostomy site may be unnecessarily 
accepted as a signal of defeat by a complication resulting 
from the same technology that earlier in the patient's 
course was life-saving. An attitude of pessimism is based 
on the generally poor results of management of patients 
` with tracheo-innominate erosion as evidenced by the fact 
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that only eight long-term survivors are documented in the 
world literature. 

Ten patients with tracheo-innominate artery erosions 
were seen at Charity Hospital of Louisiana during the past 
12 years. Six patients lived long enough to reach the 
operating room, and 5 survived the operation. Two 
patients are long-term survivors. Our experience with 
this complication at Charity Hospital of Louisiana is 
presented. with 127 documented cases from the world 
literature 2,3,5,7—9,12—14,16,18,19,21,23,25,26,29,31,33—37,39—49,51—53,55—89, 
02764,06:74,76,77,79,80,2-9? to focus on the principles required 
for successful management. 


Clinical Material and Results 


During the time of this study, 1,501 tracheostomies 
were performed at Charity Hospital and 10 patients 
developed tracheo-innominate artery erosions, an inci- 
dence of 0.7%. The incidence as based on statistics 
accumulated from previously reported series!9:17:22,30537.. 


. 45,48,52~54,65,78.83.87 is almost identical to our experience 


as 53 reported tracheo-innominate erosions resulted * 
from a total of 9,415 tracheostomies (0.6%). 

A summary of associated diagnoses for the present 
series and for cases collected from the literature is shown 
in Table 1. All patients required prolonged mechanical 
ventilation or had upper airway obstruction requiring 
tracheostomy. Diseases having related neuromuscular 
weakness were commonly encountered. 
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All patients in the present series were critically ill. Four 
patients had associated sepsis, two patients had closed 
head injury with decerebrate posturing and brief adminis- 
tration of corticosteroids, and one additional patient had 
opisthotonos from tetanus. All 10 patients had positive 
tracheal cultures for gram-negative pathogens. 

Only two of the 10 tracheostomies in the present series 
and 46% of those in the collected series were noted to have 
been performed in the operating room under optimal 
conditions. Nevertheless, technical difficulties in per- 
forming the procedure could not be implicated in the 
development of erosion. The level of the tracheostomy 
stoma could be determined in only 37 patients in the 
collected series and in 23 (62%) the stoma was located 
below the fourth tracheal ring. 

The time between the performance of the tracheostomy 
and the manifestation of the complication for the collected 
series is demonstrated in Fig. 1. The peak incidence 
occurred between the first and second week, and bleeding 
developed during the first 21 days following tracheostomy 
in 72%. 

Minor tracheal bleeding” and pulsation of the tracheal 
cannula™ are recognized as early diagnostic signs of this 
complication. Five of the 10 patients in the present series 
had some evidence of bleeding prior to diagnosis as did 
34% in the collected group. By contrast, pulsations of the 
tracheal cannula were reported in only 5% of the collected 
cases and were not seen in any of our patients. 

Diagnostic attempts in the collected series included 
bronchoscopy, exploration of the tracheal wound, retro- 


TABLE l. Associated Diagnoses Among 137 Patients 
with Tracheo-innominate Erosions 





Present 
Diagnoses Series Literature Total 

ee MÀ— e n ente E 
Neuromuscular diseases 26 26 

Guillain- Barre-5 

Encephalitis-6 
Postoperative respiratory 

failure 3 16 19 
Diphtheria 15 15 
Head and neck trauma 3 12 15 
Head and neck tumors 2 11 13 
Tetanus l 10 11 
Neurosurgical conditions 6 6 
Tracheal resection 6 6 
Laryngeal obstruction 6 6 

Laryngitis-2 

Laryngeal stenosis-2 
Chest trauma 5 5 
Pulmonary diseases 5 5 
Drug overdose 3 3 
Foreign body aspiration 2 2 
Fat embolization 2 2 
Hepatic coma l l 
Renal failure l l 
Pulmonary burn l l 

Totals 10 127 137 
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Fic. 1. Bar diagram with number of patients having the onset of bleeding 
indicated by weeks from performance of the tracheostomy. 


grade brachial arteriogram, and arch aortography. As 
can be appreciated in Table 2, these methods rarely gave 
the correct diagnosis. A reproduction of an arch aortogram 
interpreted as normal is shown in Fig. 2 in a patient who 
proved to have a tracheo-innominate erosion. 

The site of erosion was determined in 7 of our patients 
and was located at the cannula tip rather than the 
tracheostomy stoma. The location of erosion was 
determined to be at the distal end of the cannula in 59 
(66%) of 89 additional patients reported in the literature. 
Many different types of tracheostomy cannulae were used 
in these patients and no correlation between erosion and 
specific type of cannulae could be established. 

Table 3 is a summary of the emergency measures used 
to control bleeding and the immediate results with each. 
Successful control of bleeding for a given maneuver was 
defined by either sufficient control to allow the patient to 
reach operation or for survival of the patient 24 hours 
without further hemorrhage. Blood replacement without 
control of bleeding invariably resulted in death. The most 
uniformly successful maneuver was control of the 
innominate artery by finger pressure under the jugular 
notch. Inflation of the tracheal cannula balloon was 


TABLE 2. Diagnostic Measures 
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Number 
Present Successful 
Series Literature (%) 
NENNEN ee 
Bronchoscopy 3 7 1 (10%) 
Aortic arch study 2 3 | (20%) 
Retrograde brachial 
arteriogram 2 0 (0%) 
Wound exploration 4 0 (0%) 
Totals 5 16 2 (9.5%) 


E ———— ——— 
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Fic. 2. Arch aortogram on a patient who later was proven to have a 
tracheo-innominate artery erosion. 


effective 85% of the times used. Four of the 5 patients in 
whom simple reinflation was unsuccessful subsequently 
proved to have erosion at the tracheostomy stoma. 

A total of 8 operative procedures was performed upon 6 
of our 10 patients. Five of the 6 patients survived 
operation, and two of the patients are still living. The other 
4 patients operated upon died; three after 24 hours from 
pulmonary insufficiency and one during operation from 


TABLE 3. Measures to Control Bleeding and Results 
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excessive blood loss and cardiac arrest during mobiliza- 
tion of the innominate artery from the trachea. Review of 
the literature included reports of 6 other patients who died 
from uncontrolled bleeding during operation. 

The most important determinant in the results of 
operative management of this complication was the type 
of repair used. A summary of the different procedures is 
presented in Table 4. The procedure was considered 
successful if the patient survived the complication without 
rebleeding, even if death occurred later from the admitting 
disease process. Most of the successful procedures 
involved interruption of blood flow through the innomi- 
nate artery. In 18 patients in whom this was not done. the 
survival rate was only 6%. If the blood flow was 
permanently interrupted, 77% survived initially. Al- 
though innominate artery interruption may result in a 
decrease in cerebral blood flow, evidence of cerebral 
ischemia was not observed in our patients. Furthermore, 
only one of the 17 previously reported patients with 
innominate artery interruption developed neurological 
deficit and subsequently died. 


Case Reports 


The five patients in the present series who survived operation are 
presented below: 

Case 1. A 15-year-old girl was admitted to the hospital with bleeding 
esophageal varices and biliary cirrhosis secondary to congenital biliary 
atresia and duodenal atresia which had been corrected during infancy. 
Although the esophageal variceal bleeding was readily controlled, the 
patient developed hepatic coma and was treated with neomycin enemas, 
intravenous fluids, supplemental potassium and ventilatory support. 
After four days of intubation, a tracheostomy was done at the level ofthe 
second tracheal cartilage in the operating room with the insertion of a 
#30 Portex tracheostomy tube. 

Seven days after tracheostomy, 20 ml of bright red blood was 
suctioned out of the tracheal tube, but bleeding promptly ceased. Several 
hours later, the patient suddenly lost approximately 500 ml of bright red 


TABLE 4. Operative Procedures Used in Treatment 
of Tracheo-innominate Erosions 


—————— — —— 


Present Successful 
Methods Senes Literature Total (9c) 

j——————— ÉD UO 
None 4 73 717 0 (0%) 
Finger pressure on innomi- 

nate through jugular notch 2 7 9 8 (89%) 
Inflate balloon on tracheal 

tube 6 28 34 29 (85%) 
Tracheostomy wound 

opened and packed with 

gauze 2 2 1 (50%) 
Endotracheal tube insertion 13 13 5 (38%) 
Pressure around stoma 3 3 0 (0%) 
Bronchoscopy with AgNO, l l 0 (0% 
Carlin’s tube inserted | 0 | 0 (0%) 

Totals 13 127 140 43 (31%) 


———————————————————————————À 





Number 
Present Successful 
Seres Literature Total (9€) 
—————UEE— "NN 
Resection of artery 5 6 l 1 11 (100%) 
Ligation of innominate or 
clipping 8 8 5 (63%) 
Division of innominate 3 3 1 (33%) 
Primary suture of 
innominate l 10 11 2 (1892) 
Insertion of vascular 
prosthesis 4 5 0 (0%) 
Interposing tissue between 
the trachea and artery | | 0 (0%) 
Suture of subclavian artery 
to innominate artery 
stump | l 0 (0%) 
Totals 33 40 19 (48%) 


Long term survivors 


10 (25%) 


———————————————————————— 
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Fic. 3. Anteroposterior 
and lateral views of a left 
carotid arteriogram done 
following operation (Case 
2) demonstrating satisfac- 
tory blood flow to the right 
cerebral hemisphere from 
the left carotid artery. 


blood through the tracheostomy tube, during a 15-minute period. The 
cuff on the tracheostomy tube was hyperinflated, and the bleeding 
stopped. Unmatched type-specific blood, Vitamin K, and antibiotics 
were given in preparation for operation. Exposure was obtained through 
a median sternotomy and a three mm hole at the origin of the subclavian 
artery from the innominate vessel was identified (Fig. 8). The innominate 
artery was resected including a small portion of the subclavian and right 
common carotid vessels with the stumps of all three being oversewn with 
monofilament suture. 

The trachea was then irrigated with copious amounts of saline until all 
traces of blood were removed. The tracheal defect allowed visualization 
of the tracheal cannula balloon, which was positioned just beyond the 
defect. and the surrounding soft tissue was allowed to cover the defect 
without suturing. The area of dissection was irrigated with antibiotic 
containing saline and the sternum was closed over two anterior 
mediastinal tubes. 

The patient awoke on the operating table with no neurological deficits 
and was able to be extubated in the recovery room. The right arm was 
pulseless and cool but viable. Seven days following operation, she 
developed recurrent esophageal bleeding and after conservative 
management failed, required a Tanner Portoazygous disconnection 
procedure. She had an uneventful recovery from the second operation, 
maintained good liver function and was discharged from the hospital 10 
days later. Eleven months after her discharge from the hospital, she is 
neurologically intact and has a palpable right radial pulse. 

Case 2. A 32-year-old man was admitted with a closed head injury, 
multiple facial fractures and pelvic fractures sustained during an 
automobile accident. A tracheostomy was done in the emergency room 
at the level of the third tracheal ring and a #36 Portex tube was inserted. 
Following internal fixation of his facial fractures on the fourth post-injury 
day, the tracheal cannula was removed. Dexamethasone was given for 5 
days. On the ninth post-tracheostomy day, the patient suddenly 
developed exsanguinating hemorrhage from his tracheostomy site. 
Another Portex tracheal tube was rapidly inserted and the cuff was 
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hyperinflated, which stopped the bleeding. During a 10-minute interval, 
the patient lost an estimated 1,000 ml of blood and was severely 
hypotensive until resuscitated with intravenous fluids and type-specific 
unmatched whole blood. He was given antibiotics intravenously, taken 
to the operating room and a median sternotomy was done. The 
innominate artery at its attachment to the aortic arch was isolated and the 
left carotid artery was observed to be originating from the innominate 
artery close to its base. A 5 mm defect was found on the posterior aspect 
of the innominate vessel just before its bifurcation. The innominate 
artery was divided obliquely leaving an adequate origin for the left 
common carotid artery (Fig. 7). The remainder of the innominate artery 
was excised with the vessel ends oversewn with monofilament suture. 
Soft tissue in the area was interposed over the tracheal defect and the 
sternum was closed over two anterior mediastinal tubes. An endo- 
tracheal tube was inserted distal to the tracheal defect. The patient was 
extubated 48 hours after operation. After extubation, an air leak 
persisted for 4 days and cultures of the tracheal aspirate grew E. coli. The 
patient remained without focal neurological deficits; however, he was 
mildly confused and disoriented over the next two weeks so that a left 
carotid arteriogram (Fig. 3) was done to rule out a subdural hematoma. 
His recovery was gradual, and he was hospitalized for an additional 
two-month period for treatment of multiple pelvic fractures. He has been 
followed without neurological deficit or evidence of tracheal stenosis for 
6 months. 

Case 3. A 72-year-old woman had a properly positioned tracheostomy 
performed with a hemi-mandibulectomy and right radical neck dissection 
for squamous cell carcinoma of the floor of the mouth. A modest amount 
of tracheal bleeding was noted 57 days following tracheostomy and on 
the subsequent day, massive hemorrhage approximating 1,500 ml. 
occurred. Bleeding was then controlled by finger pressure on the 
innominate artery through an incision just above the jugular notch. The 
patient was promptly operated upon through a median sternotomy with 
extension into the right fourth interspace, and a tracheo-innominate 
erosion at the distal end of the tracheal catheter was identified. The 
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non-penetrating injuries after being struck by an automobile. Three days 
later, minimal tracheostomy bleeding was noted. In approximately 24 
hours, tracheal hemorrhage was controlled by hyperinflation of the . 
tracheal cuff. Performance of an arch aortogram with the tracheal cuff 





Fic. 4. Operative technique illustrating the exposure through a median 
sternotomy with the thymus gland excluded. The left innominate vein is 
retracted superiorly for exposure and the great vessels inspected to 
exclude variations of branching. Proximal control is then obtained. 


innominate artery defect was repaired by suture and the tracheal erosion 
closed with chromic sutures. The area was drained and the tracheal 
cannula left in place. After three days, another episode of limited 
bleeding occurred and was followed by marked tracheal hemorrhage 24 
hours later. An estimated 500 ml of blood was lost before control was 
obtained through use of anterior mediastinal finger pressure for the 
second time. The hemorrhage was found to be originating from a 
breakdown of the previous suture line. The innominate artery was 
resected and the ends oversewn. No neurological deficit was noted, but 
the patient developed progressive pulmonary insufficiency and expired 
24 hours later without rebleeding. 

Case 4. A five-year-old boy had an emergency tracheostomy 
performed for airway obstruction at time of admission for multiple 





Fic. 5. Downward traction is gently exerted for distal exposure. The 
vessel is excised and the ends oversewn. 


temporarily deflated, demonstrated a tracheo-innominate erosion. 
Through a median sternotomy, a 1 cm by 0.5 cm defect in the medial 
surface of the innominate artery at the tracheal balloon was repaired with 
a vein patch graft and surrounding soft tissue interposed between the 
tracheal defect and the artery. The mediastinum was drained. 
Twenty-four hours later, tracheal hemorrhage recurred and tracheal cuff 
inflation controlled bleeding a second time. The bleeding resulted from 
disintegration of the vein patch. The entire innominate artery was 
excised and the ends ofthe vessel oversewn. The child died 24 hours later 
of progressive pulmonary insufficiency. The postoperative neurological 
status was unchanged. 

Case 5. A 27-year-old woman sustained a cervical fracture and 
multiple mandibular fractures from an automobile accident. A tracheos- 
tomy was done in the accident room with the insertion of a 436 Portex 
tube. Fourteen days after admission, purulent bloody drainage was 
noticed both around the tracheostomy stoma and during suctioning of the 
tracheal secretions. Fiberoptic bronchoscopy in the operating room 
confirmed suspicions of a tracheo-innominate artery erosion by 
visualization of severe tracheitis and initiation of moderate bleeding from 
the anterior trachea after blood clot removal. The tracheal cuff was 
re-inflated and median sternotomy was performed. An erosion was 
identified (Fig. 10) in the midportion of the innominate artery at the level 
of the tracheal balloon. The defective segment of innominate artery was 
resected with an intact carotid-subclavian connection and the ends 
oversewn with monofilament suture. The tracheal defect was covered 
with a pleural patch and the sternum approximated over anterior 
mediastinal tubes. Intact motor function was observed on the operating 
room table. Aspiration of blood during the procedures resulted in acute 
pulmonary insufficiency (Fig. 9). Pulmonary function improved with 
tracheal suctioning and continuous positive pressure ventilation, but 
attempts to discontinue mechanical ventilatory support were unsuccess- 
ful. Three days later, further tracheal destruction was apparent by 
increased mediastinal air leak and the development of air passing into the 
esophagus. Re-exploration through a right anterior thoracotomy was 
done and the entire thoracic trachea was found to be necrotic below the 
trachea] cuff. Total cardiopulmonary bypass was used while intercostal 
muscle pedicles were sutured around the tracheal defects. When 
cardiopulmonary bypass was discontinued, the air leaks were too great _ 
to allow pulmonary ventilation. Attempts to pass an endotracheal tube 
into the major bronchi via the tracheostomy site or the mediastinum were 
unsuccessful, and the patient expired. There was no evidence of 
neurological damage or tracheal rebleeding from the first procedure until 
death. 


Recommended Resuscitative Measures and 
Operative Technique 


The following plan of management of patients with 
tracheoinnominate erosion has evolved from the previ- 
ously reported experience and is confirmed by our 
experience. All medical personnel involved in the care of 
patients having tracheostomies should be instructed in the . 
necessary steps in resuscitation when bleeding occurs 
from the tracheostomy tube. Anyone present should 
inflate the tracheostomy balloon if it is deflated and 
hyperinflate it if it is partially inflated. If this measure is 
successful one person should be assigned to assure that 
the position of the tube is not altered during subsequent 
transport of the patient. If bleeding persists, the method 
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described by Utley of incising the skin at the jugular notch 
and compressing the innominate artery arteriorly should 
be used. During control of the bleeding, the operating 
room is readied, blood obtained and intravenous antibiotic 
administration is begun. Tracheal suctioning is performed 
as needed and coughing may be controlled by sedation or 
instillation of a local anesthetic down the tracheal cannula. 

General anesthetic induction is administered with care 
taken not to move the cannula position. The chest and 
anterior neck are prepared with both sides of the neck 
being draped into the sterile field and with exclusion of the 
tracheostomy site with sterile adherent plastic sheeting. 
The incision can be extended into the right side of the neck 
for additional exposure or for construction of a carotid to 
carotid or subclavian to carotid bypass through a separate 
sterile field if cerebral arterial insufficiency results from 
division of the innominate artery. 

After the median sternotomy is completed, division of 
the thymus and retraction superiorly of the innominate 
vein gives adequate exposure of the great vessels. This 
step and the remainder of the main part of the procedure 
are depicted in Figs. 4 and 5. Proximal encirclement of the 
innominate artery near the aortic arch permits one to 
inspect for an anomalous origin of the left carotid from the 
innominate. Gentle downward traction is used to expose 
the remainder of the innominate artery. No attempt Is 
made to dissect the posterior aspect of the innominate 
artery until distal vessel control is obtained and a 
determination is made that innominate artery flow 
cessation will be tolerated. The vessel is then dissected 
from the trachea, and appearance of bleeding confirms the 
diagnosis. Excision of the innominate artery should result 
in: 1) no remaining artery in contact with the trachea, and 
2) removal of any inflamed or necrotic segment of arterial 
wall. In most patients excision of the entire innominate 
artery will be necessary. The tracheal defect can be 
managed in a variety of ways. We prefer not to suture the 
defect and instead, insert a tracheal cannula in which the 
balloon lies below the defect. The area of dissection is 
irrigated with antibiotic solution and drained by mediasti- 
nal catheters. Postoperatively, a neurological examina- 
tion is done on the operating table. The antibiotic 
coverage is continued for four days and every attempt 
made to extubate the patient early. 


Discussion 


Low tracheostomy with placement of the stoma below 
the third tracheal cartilage may result in abutment of the 
concave surface of the arterial wal].?7:3437,62.76.55.55 As 
shown in Fig. 6, the same mechanism could account for 
tracheo-innominate erosion in properly placed stomas 
when the innominate artery is located in an abnormally 
high position. However, only 23 patients in our collected 
series were documented to have low tracheostomies. Our 
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Fic. 6. Illustration of mechanisms of development of tracheoinnominate 
artery fistulae. a. Erosion of the trachea extending into the innominate 
artery by the tracheal balloon in a normally placed tracheostomy stoma. 
b. Erosion of innominate artery by inferior surface of trachael cannula in 
normally placed tracheostomy stoma from abnormally high innominate 
artery. Probably a rare occurrence. c. Erosion of innominate artery by 
inferior surface of tracheal cannula from low-placed tracheostomy stoma 
and normally positioned innominate artery. 


data demonstrate that most patients develop erosion at the 
distal end of the tracheal cannula. Although low 
tracheostomy is avoidable, the use of mechanical ventila- 
tion and cuffed tracheostomy tubes have resulted in a 
different mechanism of tracheo-innominate erosions 
which cannot always be avoided. 

A malfitting tracheal cannula with excessive anterior 
curve may damage the anterior tracheal wall.5! The 
possibility of tracheal injury resulting from 90? tubes has 
been emphasized,*? so that currently most tubes have no - 
more than a 60? curve. However, presently used tracheal 
cannulae are relatively non-pliable and in certain patients 
may exert excess anterior pressure. Excessive pressures 
on the anterior tracheal wall may also result from 
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Fic. 7. a. Most prevalent branching pattern of aortic arch. b. Second 
most common branching pattern of aortic arch showing different levels of 
origin of the left carotid artery. Two-thirds originate from the base of the 
innominate artery. c. Resected innominate artery as done in Case 2 so 
that the left carotid artery remains intact. 


neurological disorders with abnormal positioning of the 
neck. 

Tracheal mucosa is intolerant of constant pressure, and 
after 48 hours tracheal injury is universally present. !%2478 
The tracheal cannula causes damage to the mucosa from 
excessive balloon pressure, reactivity with the cannula 
and pressure on the anterior tracheal wall from the 
cannula tip. The most important of these factors is 
pressure from the balloon on the tracheal wall.!° and as the 
pressure in the balloon increases, damage to the tracheal 
wall increases.” Hypotension has also been shown to be 
related to increased tracheal damage.9978 These observa- 
tions support the importance of the ratio of pressure at the 
balloon-mucosal interface and the perfusion pressure of 
the mucosa, and emphasize the importance of avoiding 
excessive pressure in the balloon. 

Commonly employed methods of hourly deflation of the 
balloon are ineffective.9?! Numerous studies have 
confirmed that low pressure cuffs reduce tracheal 
damage.97 Measurement of cuff pressures may be 
erroneous," however, and low pressure cuffs may be 
overinflated. Bryant and associates found that mucosal 
damage in dogs could be avoided for 72 hours by simply 
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inflating the cuff to a sealing volume and then deflating it to 
the point of producing a minor leak.* The use of low 
pressure cuffs with this method of balloon inflation is a 
logical method of preventing tracheal damage from 
excessive tracheal cuff pressure. 

Most of the intrinsic factors which would adversely 
affect wound healing in general have been implicated as 
predisposing to increased tracheal damage. These include 
tracheal infection,?*7* steroid administration.! sepsis,’ 
and hypotension.'9975 Al] patients in our series and the 
majority from the literature were critically ill. Five had 
severe protein deficiencies, two required corticosteroids. 
4 had generalized sepsis and one had uremia. The possible 
contribution of these associated factors in lowering 
mucosal resistance and, therefore, leading to the ultimate 
development of tracheo-innominate erosions must be 
considered. Although positive tracheal cultures for gram 
negative organisms were present in all 10 patients, it is 





Fic. 8. Formalin fixed 
specimen of resected in- 
nominate artery from Case 
| showing rather extensive 
adventitial erosion and a 
small internal defect. 
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Fic. 9. Immediate postoperative chest D.P.A. from Case 5 with bilateral 
infiltrates secondary to aspiration of blood. 


impossible to evaluate the relative importance of infection 
in development of tracheo-innominate erosion. 

Factors related to mechanical ventilation may also 
result in tracheal damage. Precautionary measures 
include optimal humidification, adequate and gentle 
tracheal suctioning, avoidance of tension on the tracheal 
cannula by the ventilator tubing and readjustment of the 
ventilator apparatus when position is changed. The most 
important preventative measure to avoid serious compli- 
cations of prolonged mechanical ventilation is constant 
evaluation for early weaning from the mechanical 
ventilation. Excessive duration is one of the most 
common errors in the use of mechanical ventilation. The 
indications and technique for discontinuation of ventila- 
tory support are elucidated in an excellent recent article 
by Feeley and Hedley-Whyte.?" 

Since one tracheo-innominate erosion may be expected 
to occur for approximately every 150 tracheostomies, the 
experience in any given hospital would be limited. 
Because this complication is highly lethal, a well- 
formulated plan of management is desirable. 
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Tracheal bleeding from tracheo-innominate erosions 
may present in two ways: 1) bleeding ranging from a few 
hundred ml of bright red blood, which may cease 
spontaneously or with pressure from an inflated tracheal 
cuff and signifies presumptive evidence of tracheo- 
innominate erosion prior to onset of massive hemorrhage; 
and 2) exsanguinating hemorrhage resulting in death 
unless controlled by prompt operation. 

Mild to moderate bleeding occurred in one-third of the 
patients reported in the world literature. Furthermore, 
almost one-half of those having tracheostomy bleeding 
occurring 48 hours or later after performance of the 
tracheostomy will have tracheo-innominate erosions. We, 
therefore. conclude that all patients having over 10 ml of 
blood from the tracheostomy stoma or cannula 48 hours or 
more after tracheostomy, must be assumed to have a 
tracheo-innominate erosion until proven otherwise. All 
such patients suspected of having tracheo-innominate 
erosion are examined in the operating room. Following 
general anesthesia, preparation of the skin and draping, 
bronchoscopy is then performed. The tracheal balloon is 





Fic. 10. Intra-operative photograph of findings in Case 5. a. Posterior 
wall of innominate artery with contused and eroded surface. b. Tracheal 
defect with protrusion of tracheal cannula balloon and, c. transected 
proximal innominate artery stump. 
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deflated and if bleeding recurs, the cuff is reinflated and 
median sternotomy is done. If no bleeding occurs, the 
cannula is withdrawn several centimeters and the 
fiberoptic bronchoscope is used to inspect the trachea. 
Any blood clot found is carefully removed by manipula- 
tion with biopsy forceps, irrigation and suctioning. At any 
occurrence of significant bleeding the tracheal cuff is 
reinflated and median sternotomy is done. If no intra- 
tracheal lesions are seen the lower edge of the tracheos- 
tomy stoma is carefully inspected and any clots removed. 

If tracheo-innominate artery erosion results in massive 
bleeding the plan for control of bleeding and operation 
outlined previously is followed. The operation of choice is 
resection of the innominate artery in contact with the 
tracheal erosion and süture of the divided ends so that no 
artery remains in contact with the trachea for further 
erosions to occur. Failure to do so resulted in delayed 
bleeding and death of two patients in the present series and 
13 patients reported in the literature. Our two patients 
who are long-term survivors required resection of all of 
this vessel to be certain that no suture line was in the area 
of possible recurrent erosion. 

A major concern has been the proximity of arterial 
suture lines to an infected area. The important principles 
in prevention of infection and breakdown of the arterial 
repairs include: 1) suture of healthy arterial wall, 2) use of 
monofilament suture, 3) excision of adequate artery so 
that the suture lines are not in approximation with the site 
of erosion and 4) control of infection by drainage and 
antibiotics. 

Division of the innominate artery may result in cerebral 
ischemia and stroke, but our experience and that of others 
justify the risk of innominate artery division in this life 
threatening complication. Review of the 22 collected 
patients with innominate interruption performed for 
tracheo-innominate artery included only one who dem- 
onstrated a neurological deficit; a 14-year-old girl who 
sustained cardiac arrest prior to operation and ligation of 
the innominate and remained in coma.?* Rapid replace- 
ment of blood volume to maintain blood pressure is an 
important consideration to permit adequate collateral 
circulation before clamping of the innominate artery. 
Before division of the innominate artery, an attempt 
should be made to estimate adequacy of cerebral flow with 
the artery temporarily occluded. Three signs which we 
have used to indicate that circulation was satisfactory with 
the innominate clamped are: 1) the continuation of a right 
superficial temporal artery pulse or right common carotid 
pulse, 2) absence of change in pupil signs under light 

anesthesia, and 3) forceful backbleeding from the common 
. carotid. The right common carotid and subclavian arteries 
should be sutured so as to prevent retrograde flow from 
the carotid into the subclavian, thus eliminating a possible 
cerebral steal phenomenon. Should evidence of cerebral 
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arterial insufficiency exist upon completion of the 
operation, consideration should be given to prompt 
restoration of flow through the right common carotid 
artery through an extra-thoracic bypass procedure. 

The left carotid artery originates from the innominate 
artery in about 10% of Caucasians and 30% of Negroes 
(Fig. 7)./53?5" Even so, the necessary extent of vessel 
usually can be excised without interference with the left 
carotid origin. If not, appropriate bypass grafting should 
be done in a separate sterile field prior to continued 
dissection of the innominate artery. 

A particularly severe form of aspiration pneumonitis 
can follow in inadequately suctioned patients resulting in 
early pulmonary insufficiency. Three patients at Charity 
Hospital died as a result of this problem. It can be 
prevented by repeated intra-operative suctioning. 

The mortality rate of tracheo-innominate erosion if not 
treated surgically approaches 100%. However, if those 
patients which are improperly resuscitated are excluded, 
25% of those in the collected series will survive the 
complication. If we further exclude those patients who did 
not have interruption ofthe innominate artery or died from 
causes unrelated to the complication, the survival rate 
may reach 80% among properly managed patients. 

Perhaps, as improved tracheostomy tubes and 
techniques for mechanical ventilation are developed, this 
dreaded complication will no longer be seen. Until that 
time, one should be prepared to institute the proper steps 
in surgical management with the awareness that a 
considerable number of these patients can be salvaged. 
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Bronchial Stump Closure Techniques Following 


Pneumonectomy: 


A Serial Comparative Study 


RICHARD N. SCOTT, M.D.,* ROBERT P. FARACI, M.D.,t AUBREY HOUGH, M.D.,$ PAUL B. CHRETIEN, M.D. 


Three methods of closing bronchial stumps were evaluated in 90 
dogs undergoing left pneumonectomy: interrupted 3-0 silk sutures, 
interrupted 3-0 nylon sutures, and stapling with an automatic 
device. The dogs were sacrificed at 24 hours, 3, 5, 7, 10, and 14 
days after pneumonectomy. Bronchial stump leakage pressures 
and histological studies were performed on all specimens. 
Differences in the exudative reaction between silk and staple 
closures were significant on day 5(238.19 + 23.28 SD PMN’s/HPF 
in silk closures, 34.95 + 20.37 SD PMN’s/HPF in staple closures) 
and thereafter (P < 0.001). The reaction to nylon was intermediate 
between silk and staple. Collagen levels were highest at all periods 
for staple closures. Staple leakage pressures were greater than silk 
or nylon (day 5: 145.3 mm Hg + 64.9 SD in staple closures, 40.2 
mm Hg - 15.4 SD in silk closures). These results have clinical 
relevance to the selection of suture materials for stump closures. 


F BRONCHOPLEURAL FISTULA is to be avoided following 
I pulmonary resection, all methods of bronchial stump 
closure must be based upon fundamental principles of 
healing as detailed more than 30 years ago by Rienhoff et 
q],1-7-12.17.12,25.26.29 Experimental studies show that infec- 
tion, long stumps, and inaccurate approximation of the 
transected bronchus predispose to bronchopleural fistula. 
Other factors critical in bronchial stump healing are 
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avoidance of tissue trauma and maintenance of blood 
supply to the area of closure. Reinforcement of the 
bronchial closure can be provided through the use of a 
pleural flap sutured over the closed Stump, 919210159 
Subsequently, clinical studies have emphasized the value 
of adhering to these principles during pulmonary resec- 
tions. ?:98:9.13.20,22 

Recent studies by Van Winkle have demonstrated a 
correlation between the type of suture material used and 
the tensile strength of experimental wound closures. He 
also showed that the degree of inflammatory response 
associated with the various suture materials tested 
correlated inversely with wound strength.??' Little 
attention has been focused upon the inflammatory 
response of suture materials on bronchial stump healing. 
We have previously shown that suture related inflamma- 
tion affects the strength of bronchial stump closure .?" 

In this report, we evaluate serially the effect of the 
inflammatory response associated with various suture 
materials on collagen levels and strength of bronchial 
stump closure. 


Materials and Methods 


Ninety adult mongrel dogs, weighing between 20-25 
kg. were anesthetized with intravenous sodium barbitu- 
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rate (sodium thiamylal surital) and intubated. Respiration 
was maintained by an intermittent insufflating apparatus. 
Left thoracotomy was performed through the fifth 
intercostal space and the left pulmonary artery, pulmo- 
nary veins and bronchial vessels successively ligated. 
Trauma to the bronchus and its blood supply was avoided. 
The bronchus was then transected 1.5 cm distal to the 
carina. The animals were divided into three groups. 


Group I 


In this group, 35 bronchial stumps were closed with 
interrupted 3-0 silk sutures using the modified open 
technique of Sweet.?? Dogs were sacrificed at 24 hours, 3, 
5. 7, 10, and 14 days postpneumonectomy. An endo- 
tracheal tube was inserted and the left thoracic cavity 
opened through the previous incision. After the position 
of the endotracheal tube was verified at the level of the 
carina, the right bronchus was dissected free and 
completely occluded. The endotracheal tube was con- 
nected to a cylinder of compressed air with an intervening 
mercury manometer to measure endotracheal pressure. 
The left chest was filled with sterile saline and the 
-endotracheal pressure increased until an air leak at the 
bronchial stump was observed. This pressure was 
designated as the leakage pressure. 

All stumps were removed for histological evaluation 
and stained with Meyer's hematoxylin and eosin. Special 
stains employed included Wilder's reticulin and Masson's 


trichrome. The average number of polymorphonuclear 
leukocytes per high power field along the suture line was 
counted for each of the specimens and an average for each 
specimen calculated. This population of means was then 
averaged for each time period following pneumonectomy. 

Collagen production was estimated using a scale of 1 to 
4+. 1+ was considered as early meshwork of reticulin. 
small collagen fibers and blood vessels; 2+ was charac- 
terized by areas of active collagen formation interspersed 
with small blood vessels; 3+ by foci of solid collagen 
without intervening blood vessels; and 4+ by a predomi- 
nance of areas of relatively avascular, collagenous tissue 
within the line of closure. 


Group I1 

The second group consisted of 30 bronchial stumps 
closed with an automatic stapling device.* The technique 
of pneumonectomy, the bronchial stump ages at the time 
of study, the method of determining leakage pressure, and 
the histological evaluation were identical to those of 
Group I. 


Group III 


The third group consisted of 25 bronchial stumps closed 
with interrupted 3-0 nylon sutures as described in Group 





* United States Surgical Corporation, 845 Third Avenue, New York. 
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I. Nylon stumps were evaluated at 5, 7, 10, and 14 days 
postpneumonectomy. The studies performed were identi- 
cal to those described for Groups I and II. 


Results 


After 24 hours, minimal histological differences existed 
between silk and staple closed bronchial stumps, and 
marked differences were not noted until the third 
postoperative day. The average number of polymor- 
phonuclear leukocytes (PMN’s) per high power field 
(HPF) in silk closed bronchial stumps at 3 days 
(126.42 + 95.18 SD) was significantly greater (P < 0.001) 
than that present in staple closures (29.14 + 29.40 SD). 
The difference in inflammatory response between silk and 
staple closures reached its greatest limits at 5 days 
postpneumonectomy when the average number of PMN’s 
per HPF of silk-closed stumps (238.19 + 23.28 SD) was 
more than 6 times that of the staple-closed stumps 
(34.95 + 4.24 SD; P < 0.0001). After 7 days, the differ- 
ence in inflammatory response between silk and staple 
closures persisted but was less pronounced (Figs 2 and 3). 
At 14 days postpneumonectomy, the number of PMN's 
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per HPF in silk-closed stumps (195.0 + 11.54 SD) 
remained significantly greater (P < 0.0001) than that 
present in the staple-closed stumps (27.25 + 2.99) (Fig. 
4). 

Nylon suture was selected as representative of a 
common monofilament material used for bronchial stump 
closure. Since there was relatively little difference 
between silk and staple inflammatory responses for the 
first 3 days postpneumonectomy, nylon closures were first 
evaluated on the fifth postoperative day. At this time, the 
number of PMN’s per HPF in nylon stump closures 
(80.2 + 18.13 SD) was significantly less (P < 0.001) than 
that present in silk closures (238.19 + 23.28 SD). 
However, the number of PMN’s per HPF in the 5-day-old 
staple closures (34.95 + 4.24 SD) was less than one-half 
that of the nylon closures (80.2 + 18.13 SD). After the 
fifth postoperative day, the inflammatory response as- 
sociated with nylon closures was always less than silk 
closures and greater than staple closures (Figs. 4 and 5). 

The estimated collagen production in the silk and staple 
closures revealed little variation at 24 hours post- 
pneumonectomy. However, at 3 days the staple-closed 
stumps demonstrated an early meshwork of reticulin, 
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Fic. 2. Silk-closed stump on seventh postoperative day showing heavy polymorphonuclear cell infiltrate (H & E x440). 


SCOTT AND OTHERS 


e 
Ann. Surg. e August 1976 





Fic. 3. Staple-closed stump on seventh postoperative day demonstrating foci of solid collagen, mature fibroblasts and scattered macrophages (H & E 


x 440). 


small collagen fibers, and blood vessels. The silk-closed 
stumps showed no collagen production at this time. 
Marked variation in collagen production was first noted at 
5 days when staple closures demonstrated foci of solid 
collagen without intervening blood vessels and silk 
closures were forming only an early meshwork of small 
collagen fibers and blood vessels. After 7 days, the 
differences in collagen production between the two types 
of closures was less marked, and minimal by the tenth 
postoperative day. Collagen levels associated with nylon 
closures were intermediate between staple and silk 
closures (Fig. 6). 

Bronchial stump leakage pressures correlated closely 
with the above described histological evaluation. At 24 
hours postpneumonectomy, there was no significant 
difference between the average leakage pressures of 4 
staple and 5 silk-closed stumps (Fig. 7). However, at 3 
- days a marked difference in leakage pressures became 
apparent. The average leakage pressure of the 5 staple- 
closed stumps (117.42 mm Hg + 66.6 SD) was sig- 
nificantly greater (P — 0.05) than the average leakage 
pressure (54.80 mm Hg + 14.5 SD) of the 5 silk closures. 


At 5 days the average leakage pressure of the 6 staple 
closures (140.3 mm Hg + 26.5 SD) remained significantly 
greater (p < 0.01) than that of the 5 silk closed bronchial 
stumps (42.4 mm Hg + 9.1 SD). Seven days post- 
pneumonectomy, the average leakage pressure of 5 
staple-closed stumps (184.0 mm Hg + 56.7 SD) was more 
than 3 times that of the 6 silk closures (48.0 mm Hg + 17.3 
SD). The greater strength of the staple closed stumps over 
the silk closures was subsequently demonstrated up to 14 
days postoperatively. At 14 days, the average leakage 
pressure of 8 staple-closed stumps (251.2 mm Hg + 29.3 
SD) was almost twice that of the 9 silk closures (139.4 mm 
Hg + 26.3 SD) (Fig. 7). The leakage pressures associated 
with nylon closures were all intermediate between the 
weaker silk and stronger staple closures. 


Discussion 


Several investigators have shown that nonabsorbable 
multifilament sutures are associated with a higher rate of 
local infection and a concomitant lower wound 
strength.^!! Since 1913, when Halsted popularized its 
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Fic. 4. Quantitation of inflammation in silk, nylon, and staple-closed 
bronchial stumps. 


use in clinical surgery, silk has been a favored suture 
material.!® However, several workers have demonstrated 
a marked exudative reaction associated with silk-closed 
wounds.7:11:1415 Our study showed an intense inflamma- 
tory response associated with silk closure of the bronchial 
stump following pneumonectomy. This exudative reac- 
tion reaches its maximal intensity between the fifth and 
seventh postoperative days and remains appreciable 
through the fourteenth day. 


Fic. 5. Nylon-closed stump 
on seventh postoperative 
day. There is active colla- 
gen formation with an 
infiltrate of predominantly 
macrophages and lympho- 
cytes (H & E x400). 
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In all comparative studies, monofilament sutures have 
been found superior to multifilament materials.'*?* In 
previous studies of monofilament sutures, stainless steel 
wire is the most inert.!18-2338 Although it has long been a 
popular material for wound closure, the versatility of wire 
has been further enhanced by its use in automatic suturing 
devices. The stapler was introduced to American thoracic 
surgeons by Amosov, who in 1961 used it for bronchial 
closure. A large volume of favorable clinical experience 
has accumulated from its use in pulmonary resec- 
tions, $191»:2728 (Our observations suggest that these 
satisfactory clinical results are related to the tissue-suture 
interactions. The exudative reaction demonstrated in 
bronchial stumps closed with staple was delayed and did 
not approach the intensity of that present in silk closures. 
Instead, the inflammatory response to staples peaked two 
days later (postop day 7 vs. postop day 5) than that of the 
silk and then rapidly decreased to the same minimal level 
present on the first postoperative day. The inflammation 
associated with nylon was at all times intermediate 
between silk and staple. 

Collagen production in bronchial stumps correlated 
closely with the severity of the inflammatory response. 
Between postoperative days 5 and 7, when the inflamma- 
tory response to silk was most intense, collagen production 
was minimal. During this interval, only a moderate 
inflammatory response occurred with staples and collagen 
production was rapidly increasing. By the tenth day, the 
differences in collagen production were less; however, the 
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Fic. 6. Quantitation of collagen production in silk, nylon, and 
staple-closed bronchial stumps. 


silk-closed stumps never developed the foci of solid 
collagen noted in the staple closures. Collagen levels with 
nylon were always intermediate between those of silk and 
staples. 

The strength of BERE stump closures as determined 
by leakagé pressures also correlated with inflammatory 
response and collagen levels. Between postoperative days 
3 and 7, the strength of staple-closed stumps was 
appreciably greater than with silk closures. During this 
interval, the exudative reaction with staples was less than 
with silk and collagen production was greater than with 
silk. However, 7 days postoperatively the stréngth of the 
silk closures rapidly increased as the inflammatory 
response decreased and collagen production increased. 
Nevertheless, the strength of the silk closures never 
approached that of the staple closures. Again, nylon 
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closures were always intermediate in strengtli between 
silk and staples. 

We conclude that exudative reactions in bronchial 
stump closure is undesirable because it delays the onset 
and extent of collagen production. Inflammation weakens 
the closure and thus predisposes to bronchopleural fistula. 
Compared to silk and nylon, with staples the onset of the 
exudative reaction is delayed and at all times minimal. We 
feel that these factors account for the superior strength of 
staple-closed stumps in this study. 
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The Effect of Vagotomy Antrectomy or Vagotomy Pyloroplasty 
on the Response of the Antrum to Meat Extract in Duodenal 


Ulcer Patients 
T. COUTSOFTIDES, H. S. HIMAL 


In 9 normal and 42 duodenal ulcer patients, acid and gastrin 
studies were performed. Basal, Oxo and Histalog stimulated acid 
secretion was conducted on each patient. In 24 patients post 
vagotomy pyloroplasty or vagotomy antrectomy, these studies 
were repeated within three months after surgery. Two groups of 
duodenal ulcer patients were identified; those who did respond and 
those who did not respond to Oxo stimulation. In the ‘‘re- 
sponders,’’ Oxo stimulated acid output and gastrin secretion in- 
creased significantly over basal values. Both vagotomy pyloroplasty 
and vagotomy antrectomy caused a similar significant decrease in 
Oxo and Histalog stimulated acid output. In two patients with 
incomplete vagotomy, antrectomy, but not pyloroplasty abolished 
the Oxo stimulated acid response. 

These data suggest that OXO stimulation test can select patients 
with a significant antral component in whom vagotomy and 
antrectomy would be the appropriate procedure. Our results also 
indicate that antrectomy will protect against recurrent ulceration 
in patients with incomplete vagotomy and may explain the lower 
incidence of stomal ulceration in patients with vagotomy 
antrectomy, compared to vagotomy pyloroplasty. 


URRENT SURGICAL THERAPY for duodenal ulcers 
C consists of either vagotomy antrectomy or vagotomy 
and some sort of drainage procedure.?:? There is some 
evidence that two types of duodenal ulcer patients exist; 
patients with normal acid output and patients with 
elevated acid output.?? Because of different patterns of 
acid secretion in the duodenal ulcer population, attempts 
have been made to select surgical procedures in relation to 
the gastric acid output.'?:* In 1966, Giles and Clark 
described a test of antral function* which allows the 
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investigation of antral contribution to gastric secretion. 
With the advent of gastrin radioimmunoassay?? and the 
use of histalog stimulation, one can now investigate in an 
exact manner the contribution of the parietal cell mass and 
the antrum, to gastric acid secretion. 

This study was thus organized to investigate whether 
there are two different groups of duodenal ulcer patients, 
and to determine ifin one group antral hyperfunction is the 
predominant stimulus to acid secretion. In these patients, 
vagotomy and antrectomy would be the surgical proce- 
dure of choice. In the other group the antrum plays a 
minimal role in acid secretion and, therefore, vagotomy 
and drainage would be the procedure of choice. 


Materials and Methods 


Forty-two patients with duodenal ulcers and 9 normal 
patients with no evidence for gastrointestinal disease were 
investigated. Acid and gastrin studies were carried out as 
follows: 


Acid Studies y 


After an overnight fast, a #14 nasogastric tube was 
positioned in the most dependent part of the patient’s 
stomach. After free flow through the tube was assured, 
gastric juice was collected for four 15 min periods. Then a 
solution containing 3 Oxo cubes in 150 cc water adjusted 
to pH 7.0 with Sodium Bicarbonate was instilled into the 
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TABLE 1. Acid Studies in Normal and Duodenal 
Ulcer Patients (mEqglhr) 


Oxo Histalog 
Basil Stimulated Stimulated 
Patients No. Acid Output Acid Output Acid Output 
Normal 9 2.05 + 0.6 5.39+1.22 16.76 + 1.78 
Duodenal ulcer 42 4.51 + 0.72 9.45 x 1.16 30.58 + 1.52* 


t = S.E.M. 
* P« 0.001 compared to normal patients. 


stomach and aspirated after 15 mins. Gastric juice was 
then collected for a further 4 15 min periods. Then, 
Histalog (1-2 mg/kg) was injected intramuscularly and 
gastric juice collected for 4 15 min periods. H* concentra- 
tion was measured by titration to pH 7 using 0.1 N NaOH 
(Autoburette, Radiometer, Copenhagen). 

From the acid results, the following calculations were 
made: 1) Basal Acid Output (B.A.C.): Final two 15 min 
specimens of the basal 60 min collection multiplied by 2. 2) 
Food Stimulated Acid Output (F.A.O.); The highest two 
consecutive 15 min specimens of the 60 min collection 
following Oxo removal, multiplied x 2. 3) Peak Acid 
Output (P.A.O.); The highest two consecutive 15 min 
specimens following Histalog stimulation, multiplied by 2. 


Gastrin Studies 


Peripheral blood samples were collected every 15 min 
during the basal 1 hour and during the 1 hour food 
stimulated period. Each sample was centrifuged, the 
serum was removed and Kept frozen at —20° until assayed 
for gastrin. Serum gastrin concentrations were deter- 
mined by the radioimmunoassay method of Yalow and 
Berson.” The gastrin results were expressed as follows: 1) 
Basal Gastrin Level: The average cf the final two 15 min 
values of the basal four 15 min collections. 2) Peak Gastrin 
Level: The average of the two highest consecutive 15 min 
values of the one hour period following Oxo removal. 

Twenty-four duodenal ulcer patients had surgery and 
the acid and gastrin studies were repeated in the 
postoperative period. The Hollander Test was carried out 
in all patients to test for completeness of vagotomy.’ The 
Hollander Test was considered positive if the following 


TABLE 2. Acid Studies in Patients Esther Responding or 
Not Responding to Oxo Stimulation Test (mEqgfhr) 


Oxo Histalog 
Basil Stimulated Stimulated 
Patients No. Acid Output Acid Output Acid Output 
Responders 14 3.23+0.8 1689+ 1:32* — 26.09 — 2.10 
Non-responders 11 5.17 +0.7 4.63 + 1.18 29.52 + 2.82 


+= S.E.M. 
*P«0.05 compared to Basal Acid Output. 
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TABLE 3. Serum Gastrin Values in Normal and 
Duodenal Ulcer Patients (pg/ml) 


Patients No. Basal Gastrin Peak Gastrin 

Normal 9 82.4 + 12.0 96.2 + 16.3 

Ulcer 42 64.8 + 4.5 108.9 + 23.07 
+ = S.E.M. 


* P « 0.05-significant response compared to basal values. 


criteria were met in patients in whom the blood sugar feli 
to 40 mgm/100 ml or less; a) In patients where the basal 
samples contained free acid, an increase of at least 20 
mEq/l HCL in any two consecutive 15 min samples over 
the mean basal acidity. b) In patients in whom basal 
samples contained no free acid, an increase of at least 10 
mEq/l HCL in any 15 min sample. Statistical analysis was 
carried out using both paired and unpaired T-tests.! 


Results 


The acid values for all duodenal ulcer and normal 
patients are given in Table 1. Duodenal ulcer compared to 
normal patients had a significantly greater acid output in 
response to Histalog. 

All duodenal ulcer patients were grouped according to 
those who did or did not respond to Oxo. All patients in 
whom food stimulated acid output was at least two times 
greater than basal acid output were labelled ''Antral 
Responders” and patients in whom food acid output was 
less than twice that of basal acid output were labelled 
"Non Responders.” Table 2 illustrates acid studies on 
""Responders'' and ‘‘Non Responders.”’ 

Serum gastrin values in normal and duodenal ulcer 
patients are illustrated in Table 3. Oxo led to a significant 
increase in peak gastrin levels, only in duodenal ulcer 
patients. The duodenal ulcer patients were separated into 
Antral Responders and Non Responders according to the 
food acid output criteria previously outlined. There was a 
significant increase in food stimulated peak gastrin levels 
in those patients responding to Oxo (Table 4). Analyzing 
individual patients, there was a direct relationship 
between acid output and gastrin secretion in ''Antral 
Responders." In each case Oxo led to a significant 
increase in gastrin secretion and acid output; but, in the 


TABLE 4. Serum Gastrin Levels in Duodenal Ulcer 
Patients Either Responding or Not Responding 
to the Oxo Stimulation Test (pgiml) 


Patients No. Basal Gastrin Peak Gastrin 
Responders 14 67.71 + 8.4 105.04* + 10.4 
Non-responders 11 63.32 + 6.8 77.84 + 8.4 

+= S.E.M. 


* P< 0.05 compared to Basal Gastrin Levels. 
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— TABLE 5. Acid Studies Pre and Post Vagotomy and Pyloroplasty in 
Patients Either Responding or Not Responding to Oxo (mEq/l) 


Oxo Histalog 
l Basil Stimulated Stimulated 
Patients No. Acid Output Acid Output Acid Output 

Responders 

Pre 4 2.79 =+ 1.26 8.48 +2.62 21.41 +2.24 

Post 4 1.84 0.62 0.79* +0.55 4.06* + 1.86 
Non-responders 

Pre 6 4.96 + 1.2 4.35 +0.8 29.99 £32 

Post 6 1.42 + 0.32 0.90* + 0.4 13.27* + 2:2 

+ = S.E.M. 


P « 0.05 compared to preop values. 


"Non Responders," Oxo did not lead to significant 
increases in either gastrin or acid secretion. 

In patients responding to Oxo, complete abdominal 

vagotomy and pyloroplasty led to a significant decrease in 
food stimulated (Oxo) and Peak (Histalog stimulated) acid 
output (Table 5). Similarly, in patients not responding to 
Oxo, vagotomy and pyloroplasty significantly decreased 
Oxo and Histalog stimulated acid output. 
. Twelve patients had vagotomy, antrectomy and Bill- 
roth II anastomosis. In the 8 patients who responded to 
Oxo, vagotomy antrectomy significantly decreased food 
(Oxo) and peak (Histalog) acid output (Table 6). The 
percentage reduction in Oxo and Histalog stimulated acid 
output in the postoperative period was similar in both the 
vagotomy antrectomy and vagotomy pyloroplasty groups. 
Post vagotomy pyloroplasty, in antral responders, serum 
gastrin levels significantly increased. However, there was 
no difference between pre and postoperative basal and 
peak gastrin levels in those patients that did not respond to 
Oxo (Table 7). 

In patients who had vagotomy and antrectomy, basal 
and peak gastrin levels did not change except in those 
responding to Oxo (Table 8). In this group, peak gastrin 
levels decreased. 


Discussion 
These experiments demonstrate that there are two 
groups of duodenal ulcer patients: those who respond and 


TABLE 6. Acid Studies Pre and Post Vagotomy and Antrectomy in 
Patients Either Responding or Not Responding to Oxo (mEq/l) 


Oxo Histalog 
Basil Stimulated Stimulated 
Patients No. Acid Output Acid Output Acid Output 
Responders 
Pre 8 2.33 + 0.6 8.68 +14 26.72 +3.4 
Post 8 1.23 + 0.4 0.57* 2022: -826* 2 12 
Non-responders 
Pre 4 §.38+1.30 4.90 +1.1 29.05 + 4.20 
Post 4 2.44+0.86 0.98%*+0.46 3.75* + 0.94 
+= S.E.M. 


_ * P « 0.05 compared to preop values. 


COUTSOFTIDES AND HIMAL 


Ann. Surg. e August 1976 
" 


TABLE 7. Serum Gastrin Levels Pre and Post Vagotomy and 
Pyloroplasty in Patients Either Responding or 
Not Responding to Oxo (Pgiml) 


Patients No. Basal Gastrin Peak Gastrin 

Responders 

Pre 4 72.0 + 8.2 124.5 — 10.8 

Post 4 192.0 + 12.6* 197.0 — 14.8* 
Non-responders 

Pre 6 59.24 5.6 70.12 — 68 

Post 6 67.7 € 6.2 66.2 — 7.2 

+ = S.E.M. 


* P < 0.05 compared to preop values. 


those who do not respond to Oxo stimulation. In the 
patients studied, 56% responded to Oxo—acid and 
gastrin significantly increased. Of 9 normal patients, 6 
(67%) demonstrated a significant Oxo response. This 
agrees with Giles and Clark‘ who found that 9 of 14 normal 
patients had a significant acid response to Oxo. Serum 
gastrin was not measured. They, however, demonstrated 
a significant response in 35 of 40 (88%) duodenal ulcer 
patients. This may be due to different patient selection 
procedures for duodenal ulcer surgery. In none of the 9 
normal patients we studied was there a significant gastrin 
response to Oxo. 

Both vagotomy pyloroplasty and vagotomy antrectomy 
caused a significant reduction in Oxo (F.A.O.) or Histalog 
(P.A.O.) acid output whether “‘Responders’’ or ‘‘Non- 
Responders.’’ The gastrin response was different. Post 
vagotomy pyloroplasty basal and peak gastrin levels 
significantly increased while post vagotomy antrectomy 
peak gastrin levels significantly decreased, onlv in 
patients that preoperatively responded to Oxo. 

Truncal vagotomy lowers basal and histamine stimu- 
lated acid secretion by about 7096 (17) and vagotomy and 
antrectomy by 9096.1? The average reduction in Oxo and 
Histalog stimulated acid output was 85% and 7096 
respectively in the vagotomy and pyloroplasty group. 
Acid reduction was lower in patients not responding to 
Oxo. In the vagotomy-antrectomy group, the average 
reduction in Oxo and Histalog stimulated acid output was 
92% and 84% respectively and was similar in patients who 
did or did not respond to Oxo. Thus, in our group of 


TABLE 8. Serum Gastrin Levels Pre and Post Vagotomy ana 
Antrectomy in Patients Either Responding or 
Not Responding to Oxo (pg/ml) 


Patients No. Basal Gastrin Peak Gastrin 

Responders 

Pre 8 63.42 -- 4.6 105,58 + 6.2 

Post 8 52.2 + 6.4 62.1* + 7.4 
Non-responders 

Pre 4 67.44 + 4.8 85.55 + 8.2 

Post 4 55.44 + 3.4 74.44+7.6 

+= S.E.M. 


* P < 0.05 compared to preop levels. 
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patients, both vagotomy pyloroplasty and vagotomy 
antrectomy resulted in similar reduction in Oxo and 
Histalog stimulated acid output. 

The histalog acid results reported in this study were 
done immediately following the antral stimulation exper- 
iments. It is thus possible that this led to a similar 
reduction in acid secretion post vagotomy pyloroplasty 
and vagotomy antrectomy, whereas the literature reports 
a greater reduction in acid output and vagotomy 
antrectomy compared to vagotomy pyloroplasty after 
basal and histalog stimulated acid studies. 

Oxo stimulated gastrin secretion was significantly 
elevated over basal levels only in duodenal ulcer patients. 
Several groups have reported similar findings in that the 
average serum gastrin response to a protein meal is higher 
in patients with duodenal ulcer than in normal subjects.?:!! 
This difference may be due in part to less marked 
inhibition of gastrin release at low pH in such patients.'* 

Our studies have demonstrated that post vagotomy 
pyloroplasty, basal and Oxo stimulated gastrin levels 
significantly increased only in patients responding to Oxo: 
Gastrin values remained the same in patients not 
responding to Oxo. Post vagotomy and antrectomy Oxo 
stimulated peak gastrin levels significantly decreased only 
in patients responding to Oxo. 

Becker and associates have demonstrated that food 
stimulated gastrin output is not significantly altered after 
vagotomy antrectomy and Billroth I anastomosis.*! Stern 
and Walsh, however, found that after vagotomy antrec- 
tomy and Billroth I anastomosis, there is a significant 
increase in food stimulated acid output, and a decrease 
after Billroth II anastomosis.'? Thus, these authors have 
suggested the duodenal release of gastrin. 

Extraction studies have revealed a high concentration 
of duodenal gastrin in humans.?? Although in the dog the 
concentration of duodenal gastrin is a fraction of that in 
the human, we found that food ingestion post antrectomy 
and gastroduodenostomy did not cause release or 
duodenal gastrin.?? 

There were two patients with incomplete vagotomy 
indicated by a positive Hollander Test—one after 
vagotomy pyloroplasty, and one after vagotomy antrec- 
tomy (Table 9). Antrectomy, in spite of incomplete 
vagotomy, abolished the Oxo stimulated acid secretion, 
while incomplete vagotomy and drainage did not abolish 
the Oxo stimulated phase of acid secretion. There is 
experimental evidence that antrectomy will compensate 
for incomplete vagotomy.'® This may account for the 
reports in the literature indicating that vagotomy antrec- 
tomy compared to vagotomy pyloroplasty is associated 
with a lower incidence of recurrent ulceration.9*? 

. The ability, by means of the Oxo test, to differentiate 
two groups of duodenal ulcer patients, one with and one 
without a significant antral acid secretory component may 
make it feasible to select the operation for the individual 
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TABLE 9. Acid Secretion Pre and Post Surgery in 
Two Patients With Incomplete Vagotomy 
MERE" Dep REM MEMu 
Oxo Histalog 
Basil Stimulated Stimulated 
Patients Acid Output Acid Output Acid Output 
ee ee MM es 
Vagotomy, 
pyloroplasty 
Pré 8.26 28.48 34.8 
Post 1.28 5.68 17.70 
Vagotomy, 
antrectomy 
Pre 4.64 16.74 40.50 
Post 2.68 1.42 15.20 





patient. If one can be certain of the completeness of 
vagotomy, then either vagotomy pyloroplasty or va- 
gotomy antrectomy would be the appropriate surgical 
procedure, since our results demonstrated that both 
operations significantly reduce Oxo and Histalog stimu- 
lated acid output. 

There is a lower operative mortality with vagotomy 
pyloroplasty compared to vagotomy antrectomy. Thus, 
with the Oxo stimulation test, one can select those 
patients with a significant antral component, and perform 
vagotomy antrectomy. In the ‘‘Non Responders' va- 
gotomy and pyloroplasty may be appropriate. 

Most well controlled studies indicate that although the 
incidence of recurrent ulcer is less after vagotomy 
antrectomy, than after vagotomy pyloroplasty, there are 
still about 15-20% of patients who complain of some 
disability after surgery—nausea, vomiting, dumping 
syndrome and diarrhea. Differentiation between "'Antral 
Responders" and ‘‘Non Responders’? would allow 
appropriate selective surgery and decrease the incidence 
of postoperative disability. 
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. Here are the latest proven surgical answers 
to problems demanding an immediate solution. 


ACS: Early Care of the Injured Patient, 2nd Edition 


Thoroughly up-dated and revised by the ACS's Committee on 
Trauma, this 2nd edition features: instructions for a more thorough 
initial examination; important airway procedures; improved shock 
evaluating and monitoring procedures; data on renal failure in 
shock; revised principles of wound care; new rabies, insect and 
snake bite therapies; updated advice on malpractice; and much 
more. 


By The Committee on Trauma of the American College of Surgeons; John A. 
Boswick, Jr., MD, Chairman of Editorial Committee. About 20 contributors. 
About 465 pp., 190 ill. About $12.00. Ready Sept. 1976. Order #1161-3. 


BUSHKIN & WOODWARD: Postgastrectomy 
Syndromes—-Major Problems in Clinical Surgery, 20 


This superb clinical reference examines the various new or residual 
symptoms presenting in patients following surgery for peptic ulcer. 
It outlines the pathophysiology and explains remedial medical and 
surgical therapies. The latest methods and procedures are discussed 
including wide duodenal diversion, fiberoptic endoscopy and 
biopsy, radio-immuno assay of insulin, gastrin and glucogon, etc. 


By Frederic L. Bushkin, MD, Chief Resident in Surgery; and Edward R. 
Woodward, MD, Prof. and Chairman, Dept. of Surgery; both of Univ. of Florida 
College of Medicine, Gainesville; with 9 contributors. About 175 pp. Illustd. 
About $12.00. Ready Sept. 1976. Order 4$ 2208-9. 


FELDT: Atrioventricular Canal Defects 


Here's a well illustrated, comprehensive discussion of an unusual 
and poorly understood anomaly. Individual sections discuss: its 
specific cardiac embryology, pathologic anatomy of the various 
forms, clinical manifestations, electrocardiographic and echo- 
cardiographic findings, findings at cardiac catheterization, an- 
giocardiographic features, and surgical therapy. 


Edited by Robert H. Feldt, MD, Mayo Clinic and Mayo Foundation; associate 
editors: Dwight C. McGoon, MD; Patrick A. Ongley, MB, ChB; the late G. C. 
Rastelli, MD; Jack L. Titus, MD, PhD; and L.H.S. Van Mierop, MD; with 7 
contributors. About 160 pp. Illustd. About $24.00. Ready Sept. 1976. 

Order #3615-2. 


RANKOW & POLAYES: Diseases of the Salivary Glands 


Pertinent embryology, pathology, roentgenology, diagnosis, clinical 
manifestations, and therapy are examined by 18 authorities from 
diverse specialties. Precise coverage of surgical, radiation and 
chemotherapeutic solutions, as well as reconstruction of surgical 
defects, makes this book a useful reference for physicians, and the 
definitive surgical text in the field. 


Edited by Robin M. Rankow, MD, Assoc. Prof. of Clinical Otolaryngology, 
College of Physicians and Surgeons, Columbia Univ.; Attending Surgeon. 
Bronx Lebanon and Doctors Hospitals; and Irving M. Polayes, DDS, MD, Asst. 
Clinical Prof., Plastic and Reconstructive Surgery, Yale Univ. School of 
Medicine; Attending Surgeon, St. Raphael's Hospital, New Haven; with 16 
contributors. About 400 pp., 215 ill. About $32.50 Ready Sept. 1976. 

Order #7453-4. 


O'DONOGHUE: Treatment of Injuries to Athletes, 
3rd Edition 


Here's explicit instruction in the diagnosis, treatment and prognosis 
for every conceivable type of athletic injury from blisters to brain 
damage. A new chapter—Rehabilitation by Fred L. Allman, Jr.—has 
been added, as well as many new radiographs, illustrations of 
radiographic positioning, and illustrations of the West Point Pro- 
gram for knee and shoulder exercises. 


By Don H. O’Donoghue, MD, Prof. Emeritus of Orthopaedic Surgery, Univ. of 
Oklahoma Medical School, Oklahoma City. 834 pp. About 635 ill. About 
$27.50. Just Ready. Order #6927-1. 


MORLEY: Current Controversies in Neurosurgery 


Thirty-one crucial topics are examined by today's most outspoken 
neurosurgeons. Dr. Morley introduces each controversy, and most 
topics are viewed from at least two perspectives. The fascinating 
clinical discussions cover: pantopaque myelography, whiplash, 
hypophysectomy for breast cancer, surgical treatment for epilepsy, 
psychosurgery, lawsuits, and 25 other topics. 

Edited by Thomas P. Morley, MD, FRCS(C), FRCS(Eng), Chairman, Div. of 
Neurological Surgery, Faculty of Medicine, Univ. of Toronto; with about 95 


contributors. About 625 pp., 125 ill. About $32.50. Ready Sept. 1976. 
Order #6557-8. 


NEALON: Management of the Patient with Cancer, 
2nd Edition 


Approximately 40% of the material in this thorough revision is 
entirely new—explaining the latest advances in cancer management 
through chemotherapy, radiation therapy, immunotherapy and sur- 
gical means. Each site of the disease is handled separately, with 
much new data on head and neck, breast, heart, ovary, endo- 
metrium, cervix, vulva, vagina, nervous system, and leukemia. 


Edited by Thomas F. Nealon, Jr., MD, Director, Dept. of Surgery, St. Vincent's 
Hospital and Medical Center, N.Y.; Prof. of Surgery, New York. School of 
Medicine; with about 65 contributors. About 1150 pp., 430 ill. About $52.50. 
Just Ready. Order 6702-3. 


PEACOCK & VAN WINKLE: Wound Repair, 2nd Edition 


Coverage includes both the biologic principles of wound repair, and 
specific management techniques and the rationale behind them. 
Individual chapters examine organ systems, including skin, tendon, 
nerve, bone, and viseral wounds. Its practical clinical insights will 
help you to manage burns, recurrent hernia, abdominal adhesions, 
urinary tract restorations, and other problems. 


By Erle E. Peacock, Jr., MD, Prof. and Chairman; and Walton Van Winkle, Jr., 
MD, formerly Prof. of Surgical Biology; both of the Dept. of Surgery, the Univ. 
of Arizona College of Medicine. About 655 pp., 365 ill. About $30.00. Ready 
Sept. 1976. Order #7124-1. 
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NEOSPORIN Ointment 


(polymyxin B-bacitracin-neomycin) 
is a famous fighter, too. 


Provides overlapping, broad-spectrum antibacterial action to help combat 
infection caused by common susceptible pathogens (including staph and strep). 


Each gram contains: Aerosporin® brand Polymyxin B Sulfate 5,000 units; zinc 
bacitracin 400 units; neomycin sulfate 5 mg (equivalent to 3.5 mg neomycin base): 
special white petrolatum qs in tubes of 1 oz and 1/2 oz and 1/32 oz (approx.) 
foil packets. 

INDICATIONS: Therapeutically (as an adjunct to systemic therapy when indicated) 
for topical infections, primary or secondary, due to susceptible organisms, as in 
* infected burns, skin grafts, surgical incisions, otitis externa * primary 
pyodermas (impetigo, ecthyma, sycosis vulgaris, paronychia) • secondarily 
infected dermatoses (eczema, herpes, and seborrheic dermatitis) +» traumatic 
lesions, inflamed or suppurating as a result of bacterial infection. 

Prophylactically, the ointment may be used to prevent bacterial contamination in 
burns, skin grafts, incisions, and other clean lesions. For abrasions, minor cuts 
and wounds accidentally incurred, its use may prevent the development of infec- 
tion and permit wound healing. CONTRAINDICATIONS: Not for use in the eyes or 
external ear canal if the eardrum is perforated. This product is contraindicated in 
those individuals who have shown hypersensitivity to any of the components. 
WARNING: Because of the potential hazard of nephrotoxicity and ototoxicity due to 
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neomycin, care should be exercised when using this product in treating extensive 
burns, trophic ulceration and other extensive conditions where absorption of 
neomycin is possible. In burns where more than 20 percent of the body surface is 
affected, especially if the patient has impaired renal function or is receiving other 
aminoglycoside antibiotics concurrently, not more than one application a day is 
recommended. PRECAUTIONS: As with other antibacterial preparations, prolonged 
use may result in overgrowth of nonsusceptible organisms, including fungi. 
Appropriate measures should be taken if this occurs. ADVERSE REACTIONS: 
Neomycin is a not uncommon cutaneous sensitizer. Articles in the current litera- 
ture indicate an increase in the prevalence of persons allergic to neomycin. Otc- 
toxicity and nephrotoxicity have been reported (see Warning section). 

Complete literature available on request from Professional Services Dept. PML. 
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Tominimize the possibility 
of postoperative atelectasis 


MUGOMYST cervicystene 


As you plan measures to prevent that serious complication, postopera- 
tive atelectasis due to mucus obstruction, consider Mucomyst—the 
mucolytic for use before, during, or after surgery. 

preoperatively Mucomyst helps you prevent atelectasis... lysing 
mucus and thinning purulent secretions, helping cleanse the tracheo- 
bronchial tree. 

during surgery Mucomyst helps ease aspiration of secretions to 
facilitate ventilation. 

postoperatively Mucomyst helps your patients bring up secre- 
tions. Mucomyst, used adjunctively with antibiotics and other therapy, 
has sharply reduced postoperative atelectasis’ and other complica- 


tions, including pneumonia." 


REFERENCES: 1. Webb, W. R., and Degerli, |. U.: Acetylcysteine as a mucolytic agent in clinical practice, Clin. Med. 77:1531-1539 
(Sept.) 1964. 2. Thomas. P. A., Lynch, R. E., and Merrigan, E. H.: Prevention of postoperative pulmonary atelectasis: Review of 215 cases 
and evaluation of acetylcysteine, Am. Surg. 32:301-307 (May) 1966. 3. Webb. W. R.: New mucolytic agents for sputum liquefaction, 
Postgrad. Med. 36:449-453 (Nov.) 1964. 4. Tarnay, T. J., Wittig, H. J „Lucas, R. V., Jr., and Warden, H. E.: Chronic and recurrent 
atelectasis in children, Surgery 62:520-529 (Sept.) 1967 

Indications: Mucomyst has been demonstrated to be clinically effective as adjuvant therapy in a wide 
range of conditions in which thick, viscous mucus is a problem, including: postoperative atelectasis and 
pneumonia; chronic bronchopulmonary disease (emphysema, chronic bronchitis, asthmatic bronchitis, 
and bronchiectasis): acute bronchopulmonary disease (pneumonia, bronchitis, and tracheobronchitis); 
tracheostomy care; facilitation of bronchial studies; maintenance of an open airway during anesthesia; and 
to help control pulmonary complications of cystic fibrosis. Contraindications: Mucomyst is contraindicated 

in those patients who are sensitive to it. Warnings: A/7er proper administration of acetylcysteine, an increased 
volume of liguefied bronchial secretions may occur. When cough is inadequate, the open airway must be maintained by 
mechanical suction if necessary. When there is a large mechanical block due to foreign body or local accumulation, the airway 
should be cleared by endotracheal aspiration, with or without bronchoscopy. Asthmatics under treatment with Mucomyst 
should be watched carefully. If bronchospasm progresses, this medication should be immediately discontinued. Precautions: 
With the administration of Mucomyst, the patient may observe initially a slight odor that is soon not noticeable. With a face 
mask there may be stickiness on the face after nebulization which is easily removed by washing with water. Under certain 
conditions, a light purple color may develop in the solution of acetylcysteine. This does not significantly affect safety or 
mucolytic effectiveness. To prevent the concentration of acetylcysteine in the solution remaining after prolonged nebuliza- 
tion, dilute with an equal volume of Sterile Water for Injection, U.S.P., when three-fourths of the initial volume has been 
nebulized. Adverse Effects: Adverse effects have included stomatitis, nausea and rhinorrhea. Sensitivity and sensitization 
to Mucomyst have been reported very rarely. A few susceptible patients, particularly asthmatics (see Warnings), may experi- 
ence varying degrees of bronchospasm associated with the administration of nebulized acetylcysteine. Most patients with 
bronchospasm are quickly relieved by the use of a bronchodilator given by nebulization. Administration: Mucomyst may be 
administered by nebulization into a tent, Croupette, face mask, or mouthpiece, or by direct instillation. Mucomyst should not 
be placed directly into the chamber of a heated (hot pot) nebulizer. Complete details on dosage, administration, and com- 
patibility are included in the package insert. Additional information may be obtained from Mead Johnson Laboratories. 
Supplied: Mucomyst" - 10 (acetylcysteine) a sterile 10% solution in vials of 4, 10 and 30 ml.: Mucomyst" (acetylcysteine) a 
atarila INM enlutinn in viale nf A. 1N and 3f1 ml B E... 't—-—-— 

























in? 
i e D, 
U ptible Organ; O5, s, 
(©? eS ce anis gy, O 
NP aO neS c Other antibio, PS fo, Py Py, 
Pre dons! Otic pp Or Op I 
9.9 «€ “yee inat the Causa, he, "A. In S. 
Qv ee OW (oW lV, ^3 
Gare’ cx 
Q Q?w So 
Q XS i 
NO S 
ed È 
L o 
Pd 
eS 


An initial loading dose of 1to 2 Gm. 
of Keflin may be given regardless 
of the patient's renal status. 

Patients with impaired renal 
function should be placed on 
a reduced dosage schedule. 
Usual doses in such 
individuals may result 

in excessive serum 
concentrations. 


| In the immunosuppressed patient. 
S usual clinical signs and symptoms 
i of infection may be missing or 
P s not clear. Hence, diagnosis and 
y initiation of proper therapy 
become most urgent. 


Keflin may be administered 
I. V. or I.P. in dosages as 
high as 12 Gm. per day 







Mean serum concentrations _ 
after i. V. administration of Keflin 
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*Skin and soft-tissue infections, including 
peritonitis, caused by susceptible strains of 
Staphylococci (both penicillinase and 0 
nonpenicillinase-producing), group A 
beta-hemolytic streptococci, Escherichia 19 30 z r " tesi 90 120 
coli, Proteus mirabilis, and Klebsiella. ulis di c 





t Administered to six patients by rapid I. V. infusion Please see opposite page for * 


In serious skin and soft-tissue infections * 


OFTEN USEFUL 





As you know, skin and soft-tissue infections * including 
peritonitis, may progress with alarming rapidity in patients 
with impaired host defenses...even to the point of becoming 
irreversible. Keflin can often be useful before the infection 
becomes irreversible...exactly when itis most needed. 

Eleven years after its introduction, Keflin continues to be 
effective against most strains of gram-positive and gram- 
negative organisms commonly implicated in serious skin 
and soft-tissue infections * Therefore, when you suspect that 
the pathogen involved is one of the susceptible organisms 
for which the drug is indicated in skin and soft-tissue 
infections * you may begin therapy with Keflin even while 
results of susceptibility studies are pending...and thus save 
precious hours for the patient. Keflin may be administered 
to infants and to patients with reduced renal function. 

Keflin should be given cautiously to penicillin-sensitive 
patients. 

Itis contraindicated in persons who have shown hyper- 
sensitivity to cephalosporin antibiotics. 


* Skin and soft-tissue infections, including peritonitis, caused by susceptible strains 
of staphylococci (both penicillinase and nonpenicillinase-producing). group A 
beta-hemolytic streptococci. Esch. coli, Pr. mirabilis, and Klebsiella 
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cephalothin sodium 
Neutral 


for Injection 


tEquivalent to cephalothin 
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Brief Summary. 

Consult the package literature for 
prescribing information. 

Indications: Keflin* (cephalothin sodium 
Lilly), Neutral, for Injection, IS indicated for the 
treatment of serious infections caused by 
susceptible strains of the designated micro- 
organisms in the diseases listed below: 

Skin and soft-tissue infections, including 
peritonitis, caused by staphylococci (pent- 
cillinase and nonpenicillinase-producing), 
group A beta-hemolytic streptococci 
Escherichia coli, Proteus mirabilis, and 
Klebsiella 

Bone and joint infections caused by 
staphylococci (penicillinase and 
nonpenicillinase-producing) 

Contraindication: Previous hypersensitivity 
to cephalosporins. 

Warnings: BEFORE CEPHALOTHIN 
THERAPY IS INSTITUTED. CAREFUL 
INQUIRY SHOULD BE MADE CONCERN- 
ING PREVIOUS HYPERSENSITIVITY 
REACTIONS TO CEPHALOSPORINS AND 
PENICILLIN. CEPHALOSPORIN C 
DERIVATIVES SHOULD BE GIVEN 
CAUTIOUSLY TO PENICILLIN-SENSITIVE 
PATIENTS. 

SERIOUS ACUTE HYPERSENSITIVITY 
REACTIONS MAY REQUIRE EPINEPHRINE 
AND OTHER EMERGENCY MEASURES 

There is some evidence of partial cross 
allergenicity of the penicillins and the 
cephalosporins. Severe anaphylactoid 
reactions have been reported with both drugs 

Patients with allergy and hypersensitivity 
should receive antibiotics cautiously and 
only when necessary 

Usage in Pregnancy — Safety for use during 
pregnancy has not been established 
Precautions: Patients should be followed 
carefully to detect any side-effects or drug 
idiosyncrasy. If an allergic reaction OCCUIS, 
discontinue the drug and treat the patient with 
usual agents 

Although alteration in kidney function IS 
rare. evaluation of renal status is recom- 
mended. Patients with impaired renal func- 
tion should be placed on a reduced dosage 
schedule to prevent excessive serum con- 
centrations. Consult prescribing information 

If thrombophlebitis or superinfection 
occurs. take appropriate measures. A false- 
positive reaction for glucose in the urine has 
been observed with some tests but not with 
Tes-Tape* (urine sugar analysis paper. Lilly) 
Adverse Reactions: Maculopapular rash, 
urticaria, pain, induration, tenderness. eleva- 
tion of temperature, reactions resembling 
serum sickness, anaphylaxis, eosinophilia 
drug fever, neutropenia, thrombocytopenia, 
hemolytic anemia, thrombophlebitis, transient 
rise in SGOT and alkaline phosphatase, rise 
in BUN. decreased creatinine clearance, and 
a positive direct Coombs test have been 
reported [111475S] 


Additional information available to the 


profession on request 


Eli Lilly and Company 
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Break the gas/pain/panic cycle 


THE LIMBIC 


it’s nota real heart attack. 


But the limbic system—ana- 
tomical seat of the emotions 
—often can be fooled by a 
false alarm. Anormal EKG and an X-ray show- 
ing a distended stomach fundus eventually 
help pinpoint the real problem—G.l. gas and 
severe accompanying pain. 


Gas pain can mimic organic diseases 

Gas pain can produce “limbic heart attacks," 
“limbic gallbladder attacks” or “limbic carci- 
nomas." It can even, in the extreme case of a 
limbic heart attack, be so misleading as to re- 
sult in several days of hospitalization before a 
definitive diagnosis of gas pain is established. 


The vicious cycle of gas pain and fear 

To a patient with severe gas pain, especially 
wherethere is pre-existing organic disease, an 
initial surge of fear is compounded when at- 
tempts to relieve the pain by deep breathing 
make the chest pain even more intense. This 
process can result in aerophagia, which 
causes more trapped gas, more pain, more 





Nora real gallbladder attack. 





anxiety, and even the hyperventilation syn- 
drome. The next stepin the cycleis familiar to 
every physician—a panic phone call froma 
frightened patient. 


Phazyme® can interrupt the 
gas/pain/panic cycle 

Phazyme, by rapidly dispersing gas in the G.I. 
tract, can interrupt the cycle of pain and fear 
at any point. 

Because the buildup of gas pain is normally 
slow and gradual, taking Phazyme at the first 
sign of gas will usually provide immediate re- 
lief before the pain becomes severe. The outer 
layer of each tablet delivers 20 mg. of specially- 
activated simethicone directly to the stomach 
for rapid dispersion of gas in the upper G.I. 
tract; a protected inner core then delivers 

40 mg. of specially-activated simethicone to 
relieve gas distress throughout the lower G.I. 
tract. The core also releases 240 mg. of pan- 
creatin directly to the small intestine to 
enhance normal digestion and help reduce 
formation of gas. 

No systemic side effects or untoward reactions 
have been reported. And Phazyme has no con- 
traindications other than known allergy to one 
of its ingredients. 


PHAZYME 


And when the aerophagia of chronic anxiety 

results in gas pain: 

PHAZYME®-PB Tablets € 

Containing % grain phenobarbital 

(Warning: may be habit forming.) 

Formula: The outer layer releases in the stomach: specially-activated 
simethicone 20 mg. and phenobarbital (WARNING: May be habit form- 
ing.) 15 mg. The enteric-coated core releases in the small intestine: 
pancreatin, 240 mg., and specially-activated simethicone 40 mg. 
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GARAMYCIN ' Injectable, brand of gentamicin 
sulfate, U.S.P., injection, 40 ma. per ml. 

Each ml. contains gentamicin sulfate, U.S.P. equivalent 
to 40 mg. gentamicin. 

For Parenteral Administration. 










WARNING 


Patients treated with GARAMYCIN Injectable 
should be under close clinical observation 
because of the potential toxicity associated 
with the use of this drug. 

Ototoxicity, both vestibular and auditory, 
can occur in patients, primarily those with 
pre-existing renal damage, treated with 
GARAMYCIN Injectable usually for longer 
periods or with higher doses than 
recommended. 

GARAMYCIN Injectable is potentially 
nephrotoxic, and this should be kept in mind 
when it is used in patients with pre-existing 
renal impairment. 

Monitoring of renal and eighth nerve func- 
tion is recommended during therapy of 
patients with known impairment of renal func- 
tion. This testing is also recommended in 
patients with normal renal function at onset of 
therapy who develop evidence of nitrogen 
retention (increasing BUN, NPN, creatinine or 
oliguria). Evidence of ototoxicity requires 
dosage adjustments or discontinuance 
of the drug. 

In event of overdose or toxic reactions, peri- 
toneal dialysis or hemodialysis will aid in 
removal of gentamicin from the blood. 

Serum concentrations should be monitored 
when feasible and prolonged concentrations 
above 12 mcg./ml. should be avoided. 

Concurrent use of other neurotoxic and/or 
nephrotoxic drugs, particularly streptomycin, 
neomycin, kanamycin, cephaloridine, 
viomycin, polymyxin B, and polymyxin E 
(colistin), should be avoided. 

The concurrent use of gentamicin with 
potent diuretics should be avoided, since 
certain diuretics by themselves may cause 
ototoxicity. In addition, when administered 
intravenously, diuretics may cause a rise in 
gentamicin serum level and potentiate 
neurotoxicity. 

USAGE IN PREGNANCY Safety for use in 
pregnancy has not been established. 













































INDICATIONS GARAMYCIN Injectable is indi- 
cated, with due regard for relative toxicity of antibiotics, 
in the treatment of serious infections caused by 
susceptible strains of the following microorganisms: 

Pseudomonas aeruginosa, Proteus species 
(indole-positive and indole-negative), Escherichia 
coli and Klebsiella-Enterobacter-Serratia 
species. 

Clinical studies have shown GARAMYCIN Inject- 
able to be effective in septicemia and serious infections 
of the central nervous system (meningitis), urinary 
tract, respiratory tract, gastrointestinal tract, skin and 
soft tissue (including burns). 
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Bacteriologic tests to determine the causative organ- 
isms and their susceptibility to gentamicin should be 
performed. 

Bacterial resistance to gentamicin develops slowly in 
stepwise fashion: there have been no one-step muta- 
tions to high resistance. 

In suspected or documented gram-negative sepsis, 
GARAMYCIN may be considered as initial therapy. 
The decision to continue therapy with this drug should 
be based on the results of susceptibility tests, the 
severity of the infection, and the important additional 
concepts contained in the Warning Box. 

For suspected sepsis when the infecting organism 
is unknown, gentamicin may be administered in 
conjunction with a penicillin-type drug. Following iden- 
tification of the organism and its susceptibility, appro- 
priate antibiotic therapy should then be continued. In 
the neonate with suspected sepsis or staphylococcal 
pneumonia, a penicillin-type drug is also usually indi 
cated as concomitant therapy with gentamicin. 

GARAMYCIN Injectable has been shown to be 
effective in serious staphylococcal infections. It may be 
considered in those infections when penicillins or 
other less potentially toxic drugs are contraindicated 
and bacterial susceptibility testing and clinical judg 
ment indicate its use. 


CONTRAINDICATIONS A history of hypersensi- 


tivity to gentamicin is a contraindication to its use. 
WARNINGS See Warning Box. 
PRECAUTIONS Neuromuscular blockade and 


respiratory paralysis have been reported in the cat 
receiving high doses (40 mg./kg.) of gentamicin. The 
possibility of these phenomena occurring in man 
should be considered if gentamicin is administered to 
patients receiving neuromuscular blocking agents. 
such as succinylcholine and tubocurarine. 

Treatment with gentamicin may result in overgrowth 
of nonsusceptible organisms. If this occurs, appro 
priate therapy is indicated. 

ADVERSE REACTIONS: 

Nephrotoxicity: Adverse renal effects, as demon- 
strated by rising BUN, NPN, serum creatinine and 
oliquria, have been reported. They occur more 
frequently in patients with a history of renal impair 
ment treated with larger than recommended dosage. 

Neurotoxicity: Adverse effects on both vestibular 
and auditory branches of the eighth nerve have been 
reported in patients on high dosage and/or prolonged 
therapy. Symptoms include dizziness, vertigo, tinnitus, 
roaring in the ears and hearing loss. 

Numbness, skin tingling, muscle twitching, and 
convulsions have also been reported. 

Note: The risk of toxic reactions is low in patients 
with normal renal function who do not receive 
GARAMYCIN Injectable at higher doses or for longer 
periods of time than recommended. 

Other reported adverse reactions, possibly related to 
gentamicin, include increased serum transaminase 
(SGOT, SGPT). increased serum bilirubin, transient 
hepatomegaly, decreased serum calcium; splenomeq- 
aly, anemia, increased and decreased reticulocyte 
counts, granulocytopenia, agranulocytosis, thrombo- 
cytopenia, purpura: fever, rash, itching, urticaria, 
generalized burning, joint pain, laryngeal edema: 
nausea, vomiting, headache. increased salivation. leth- 
argy and decreased appetite, weight loss, pulmonary 
fibrosis, hypotension and hypertension. 





DOSAGE AND ADMINISTRATION 
GARAMYCIN Injectable may be given intramuscularly 
or intravenously. 

For Intramuscular Administration: 

Patients with normal renal function 

Adults: The recommended dosage for 
GARAMYCIN Injectable for patients with serious 
infections and normal renal function is 3 mg./kg./day, 
administered in three equal doses every 8 hours. 

For patients weighing over 60 kg. (132 Ib.), the usual 
dosage is 80 mq. (2 ml.) three times daily. For patients 
weighing 60 ka. (132 Ib.) or less, the usual dosage is 
60 mq. (1.5 ml.) three times daily. 

In patients with life-threatening infections, dosages 
up to 5 mg./ kg./ day may be administered in three or 
four equal doses. This dosage should be reduced to 
3 mq./ kg./ day as soon as clinically indicated. 

In children and infants, the newborn. and patients 
with impaired renal function. dosage must be adjusted 
in accordance with instructions set forth in the 
Package Insert. 

For Intravenous Administration: 

The intravenous administration of GARAMYCIN 
Injectable is recommended in those circumstances 
when the intramuscular route is not feasible (e.q.. 
patients in shock, with hematologic disorders. with 
severe burns, or with reduced muscle mass). 

For intravenous administration in adults, a single 
dose of GARAMYCIN Injectable may be diluted in 100 
or 200 ml. of sterile normal saline or in a sterile solu- 
tion of dextrose 5% in water: in infants and children, 
the volume of diluent should be less. The concentra- 
tion of gentamicin in solution in both instances should 
normally not exceed 1 mg./ ml. (0.195). The solution is 
infused over a period of one to two hours. 

The recommended dose for intravenous adminis- 
tration is identical to that recommended for intra- 
muscular use. 

GARAMYCIN Injectable should not be physically 
premixed with other drugs, but should be administered 
separately in accordance with the recommended route 
of administration and dosage schedule. 


HOW SUPPLIED GARAMYCIN Injectable, 
40 mg. per ml., is supplied in 2 ml. (80 mg.) multiple- 
dose vials and in 1.5 ml. (60 mg.) and 2 ml. (80 mg.) 
disposable syringes for parenteral administration. 

Also available. GARAMYCIN Pediatric Injectable, 
10 mg. per ml., supplied in 2 ml. (20 mg.) multiple- 
dose vials for parenteral administration. 
011 JUNE 1975 

AHFS Category 8:12.28 


For more complete prescribing details, consult 
Package Insert or Physicians' Desk Reference. 
Schering literature is also available from your 
Schering Representative or Professional 
Services Department, Schering Corporation, 
Kenilworth, New Jersey 07033. . 
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Inflammatory Carcinoma of the Breast: 


A Correlation of Clinical, Radiologic and Pathologic Findings. 


C. A. DROULIAS, M.D.,* C. W. SEWELL, M.D.,t M. B. MCSWEENEY, M.D.,t R. W. POWELL, M.D.§ 


Ina study of 75 patients with inflammatory carcinoma of the breast 
seen at Emory University Clinic over a 38 year period, the average 
longevity from the time of diagnosis was 22 months and the 5-year 
survival 5.6%. The results of treatment were poor with all methods 
used, although supervoltage therapy improved local control, and 
when followed by mastectomy, gave the longest average local 
control and survival. The designation of inflammatory carcinoma 
as primary and secondary is often not applicable and should be 
dropped. Instead, the terms inflammatory carcinoma and 
recurrent inflammatory carcinoma seem more appropriate. It is 
suggested that in a number of patients fulfilling certain criteria, 
surgery should be contemplated and all others treated by 
non-surgical means. The diagnosis of inflammatory cancer is still 
primarily clinical. However, radiologic and pathology examina- 
tion are invaluable to confirming the clinical impression and 
occasionally suggest the diagnosis before inflammatory signs 
appear. 


NFLAMMATORY CARCINOMA Of the breast is a clinical 
diagnosis. Patients present either with induration, 
fullness, enlargement, mass, tenderness or increased skin 
temperature of the breast. Criteria for diagnosis are 
redness or purplish discoloration of the skin. One third or 
more of the surface of the breast should be involved*:'? 
(Fig. 1). 
Historically, Bell? in 1814 was the first to recognize the 
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gravity of inflammatory signs. He stated: ‘‘when a purple 
color is on the skin over the tumor accompanied by 
shooting pains, itis a very unpropitious beginning.’ Since 
then many others appreciated the gravity of inflammatory 
signs associated with carcinoma of the breast and the 
process was given such names as mastitis carcinomatosa 
gravidarum and lactantum, acute carcinoma, acute 
brawny cancer, carcinoma mastitoides and others. 

The confusion was somewhat reduced in 1924 when Lee 
and Tannenbaum? first considered this disease as a 
distinct clinical entity and introduced the term "'inflam- 
matory carcinoma" ' which still seems satisfactory. 

In 1938, Taylor and Meltzer pointed out that there 
were at least two clinical varieties of this disease. In one 
group, which they designated as primary, the inflamma- 
tory signs seem to arise simultaneously with the carcinoma 
in a previously normal breast. In the other group, 
designated as secondary, the inflammatory manifestations 
appear suddenly in a breast which has long been the seat 
of a scirrhous carcinoma, or in the mate of such breast, or 
after mastectomy for scirrhous carcinoma, either in the 
original site or in the opposite breast. 

Although the published results are uniformly poor with 
any form of treatment, 5-year survival following radical 
mastectomy has been reported. Some authors conclude 
that ‘‘bolder surgical treatment"! is the ‘‘only hope" for 
improving the discouraging results.” The consensus of 
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Fic. 1. Patchy erythema with central edema and a mass involving the 
upper and central left breast. 


opinion, however, is that surgery other than biopsy is 
futile and that supervoltage therapy gives the best 
palliative results.9:14- 16 


Material 


This study includes all patients seen and treated at 
Emory University Clinic with a diagnosis of inflammatory 
carcinoma from 1937-1975. From the correlation of 
clinical, radiologic and pathologic findings in these 
patients and recent reports in the literature?!? there is 
evidence that the overall approach to the problem of 
inflammatory carcinoma needs re-evaluation. 

Among 3039 consecutive cases of breast cancer. 75 
(2.496) were considered to have inflammatory carcinoma. 
Included in this group are several patients with a long 
history (6 months to 2.5 years) of a breast mass before the 
appearance of inflammatory signs. Patients with clinical 
inflammatory recurrences after treatment for a non- 
inflammatory carcinoma were excluded. 

In two patients seen recently, the clinical inflammatory 
findings were absent on initial examination but became 
apparent a few weeks later. A brief summary on these 
pre-inflammatory cases follows. 


Case Reports 


Case 1. A.E.D., a 38-year-old Caucasian woman, was seen in August, 
1968, with a 6 week history of diffuse tenderness. intermittent pain and 
heaviness of the left breast. Initial examination showed the left breast to 
be a little fuller and heavier than the opposite. Clinical impression was 
probable fibrocystic disease. Mammograms were reported as negative 
although in retrospect they are considered abnormal. Two months later, 
a biopsy of what had then become a typical inflammatory carcinoma was 
positive. Treatment consisted of 9CO and oophorectomy. The response 
was good for 40 months but the patient eventually died of extensive local 
and metastatic disease, 64 months after the onset of her symptoms. 

Case 2. E.G.E., a 42-year-old Caucasian woman, was seen in 
February 1972 with a 2-3 week history of pain and "]umps"' in the right 
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breast. The breast was definitely larger and heavier than the left. 
although this difference in size had existed for years. Slight tenderness 
was also present. Mammograms were reported as negative but on review 
are considered abnormal. In three weeks 2-3 semi-fixed nodes in the 
right axilla and diffuse thickening of the breast tissue in the upper outer 
quadrant were noted. Biopsy revealed infiltrating ductal carcinoma. At 
the time of biopsy, the skin changes of inflammatory carcinoma were first 
noted. In spite of treatment with oophorectomy, male hormones, ®CO 
and chemotherapy, death followed after 9 months of diffuse metastatic 
disease. 


Clinical Data 


General Considerations 


All patients were women whose ages ranged from 27 to 
83 years with an average age of 52.7. The disease usually 
affected patients with large pendulous breasts. The right 
breast was involved in 41 patients and the left in 31. 
Bilateral simultaneous inflammatory carcinoma occurred 
in three patients (Fig. 2). The opposite breast was sub- 
sequently involved in 18. Twenty patients had been 
treated for infection, for a period of a few days to 
several months before a correct diagnosis was made. 
More patients have been treated for infection in recent 
years than in the past. 


Symptoms and Signs 


The average duration of symptoms was 3.6 months, 
ranging from 4 days to 30 months. Most patients pre- 
sented with induration, fullness, enlargement, mass, 
tenderness or increased skin temperature. Over 50% had 
pain. Although in the vast majority, the breast was 
diffusely involved with tumor, edema and redness, in a 
small number, a significant portion of the breast tissue 
was not clinically involved. This latter group usually had 
a longer history. In 67 patients (8992) the regional nodes 
were clinically positive. 





Fic. 2. Diffuse involvement of both breasts with marked edma, dilated 
lymphatics and purplish-red discoloration. 
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Fic. 3. Mammograms demonstrating a mass, increased overall density 
and skin thickening of the right breast in a patient with typical clinical 
inflammatory carcinoma. 


Differential Diagnosis 


Fortunately, inflammatory carcinoma is so uncommon 
that a physician encounters this problem no more than 
once every few years. This may explain why inflammatory 
signs of carcinoma are very often confused with the 
following disease entities, all of which occur more 
frequently; a.) True inflammatory disease of the breast; 
b.) Chronic recurring subareolar abscess; c.) Inflamed 
cyst; d.) Locally advanced non-inflammatory carcinoma. 
A detailed description of the differentiation of these 
entities can be found elsewhere.*:? 


Methods of Diagnosis 


The diagnosis was established by aspiration biopsy in 39 
patients, open biopsy in 26, and in 10 by the clinical 
course. Mammograms were obtained in 33 of the 75. 

In all patients having mammography, generalized skin 
thickening was present, although in some it was mild. In 
27, there was a generalized increased density of the 
affected breast and in 11 a mass was also present (Fig. 3). 
Vascular engorgement was often observed. In four, a 
mass was seen without generalized increase in density. In 
two patients, the mammographic findings were reported 
initially as negative, but upon review, there was some 
overall increase in density of the affected breast. This 
change was apparent only after careful comparison with 
the opposite breast (Fig. 4). 

The skin changes may become manifest first in the skin 


INFLAMMATORY CARCINOMA OF THE BREAST 





219 


inferior to the areola; they quickly spread to produce 
diffuse changes indistinguishable from other inflammatory 
processes. Local skin retraction is rarely seen initially in 
inflammatory carcinoma.* Other causes of skin thickening 
include superior vena cava syndrome, congestive heart 
failure, breast abscess, lymphoma and fat necrosis.‘ 
Vascular engorgement, like skin thickening, is not à 
specific radiographic sign. However, these findings in 
association with increase in the size of the affected breast, 
increased density or mass formation and axillary 
adenopathy, may suggest the diagnosis. In two patients 
mentioned above these radiographic findings were present 
several weeks prior to clinical diagnosis. 

Sixteen patients in this series had a biopsy of the breast 
skin, usually in conjunction with an aspiration or 
incisional biopsy of the breast. Slides and blocks were 
available for study in 12. In the other four, microscopic 
descriptions of the extent and location of the neoplastic 
cells within the skin were available. The results are shown 
in Table 1. 





Fic. 4. Left breast with increase in overall density and central skin 
thickening when compared to right. No mass seen. Patient 2 months later 
developed clinical inflammatory carcinoma (Case #1). 
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TABLE 1. Correlation of Histology of the Skin with Survival (16 Patients) 








Dead Average 
or Survival 
Patients Living (mos) 
Nondemonstrable 4 Dead 34 
Carcinoma in dermal 
lymphatics 4 Living 4.4.6 and 24 
Demonstrable 
Carcinoma in dermal 
lymphatics 4 Dead 4] 
Demonstrable 
Carcinoma in dermal 
lymphatics with infil- 
trating carcinoma in 
dermis 4 Dead 20 


Eight cases of clinical inflammatory carcinoma were 
interpreted originally as negative for skin involvement. 
Slides and blocks were obtained in all cases. After 
confirming the initial diagnosis, each block was sectioned 
deeper in the specimen. In each case the initial pathologic 
diagnosis was substantiated. In none could neoplastic 
involvement of the dermal lymphatics be demonstrated. 
Two were histologically unremarkable, while 6 showed a 
mild focal perivascular inflammatory reaction and edema 
of the papillary dermis. Three patients from this group are 
of particular interest since they were seen during the 
preparation of this paper. Each had a mass for two to 30 
months before the inflammatory signs were noted; 
clinically they did not have diffuse involvement of the 
breast. Generous skin ellipses taken from a representative 
area of redness and edema not overlying the mass revealed 
varying degrees of dermal edema, mild focal perivascular 
chronic inflammatory infiltrate, dilated dermal lymphatics 
or small blood vessels but there were no demonstrable 
lymphatic metastases. 

The remaining 8 revealed neoplastic permeation of 
dermal lymphatics and thus fulfilled the generally ac- 
cepted histologic criteria for a ‘‘pathologic diagnosis’’>!* 
of inflammatory carcinoma (Fig. 5). Four of these in which 
dermal lymphatic permeation was present also revealed 
infiltrating carcinoma within the dermis. They were 
histologically indistinguishable from cases of locally 
advanced disease in which dermal invasion and lymphatic 
involvement may be seen. It, therefore, appears that 
despite the small number of cases in which pathologic 
material was available, there is no specific histologic 
lesion which is found consistently in clinical inflammatory 
carcinoma of the breast, a finding which has been 
observed by others.’ 

Ellis and Teitelbaum? observed a relationship between 
long survival and the absence of dermal lymphatic 
involvement. Except one patient surviving 24 months, our 
cases without demonstrable dermal lymphatic involve- 
ment have progressed to rapid dissemination as quickly as 
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those with proven dermal lymphatic involvement alone or 
with associated infiltrative disease in deeper levels of the 
dermis. 


Treatment 


The methods of initial treatment are shown in Table 2. 
Of 7 patients with a long history of a breast mass for 6 
months to 2.5 years, two were treated by irradiation and 
surgery with survival 19 years and 33 months respectively, 
4 primarily by irradiation with a mean survival of 30 
months and one, living with disease for 4 months, has 
consistently refused treatment. Four of 75, not including 
the 19 year survivor, lived 5 years orlonger before dying of 
their disease. Five patients are living; 3 with disease for 6, 
4 and 4 months and two free of disease 54 and 24 months. 
Supervoltage therapy improved the local control of this 
disease in most cases and in 5 followed by mastectomy 
produced the longest average local control of 23 months 
and average longevity of 29 months. These 5 patients 





Fic. 5. Large tumor aggregate plugging upper dermal lymphatic (x 255). 
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represent a selective group who did not show evidence of 
dissemination for two to more than six months after the 


"completion of radiotherapy. One patient is currently in 


complete remission for 6 months, treated only with 
Cytoxan, Adriamycin and 5FU. 


Discussion 


In previous reports!?!?4 inflammatory carcinoma has 
been designated as primary or secondary. This classifica- 
tion has often not been applicable in the present series. 
The length of the history (often of questionable accuracy), 
or the presence of a mass sometime before the appearance 
of the inflammatory signs, did not seem to influence the 
clinical behavior of this disease. We, therefore, suggest 
that all patients with the typical clinical picture, but 
without previous histologic proof or treatment for 
carcinoma, be designated as having inflammatory car- 
cinoma regardless of the length of the history. Inflamma- 
tory recurrences in the chest wall, operative site or 
remaining breast following treatment for previous, usually 
non inflammatory carcinoma of the breast, constitutes the 
recurrent inflammatory group of patients. 

The results of treatment of this disease are disappoint- 
ing (Table 2). The overall 5-year survival in this series was 
5.6% and the average longevity from the time of diagnosis 
22 months. In about 90% of patients the disease, when first 
seen, had spread beyond the confines of the breast. 

It is generally agreed that palliation is best achieved by 
supervoltage irradiation?:47!6 This has been the case in the 
present study. Patients with bone or brain metastases 
responded well but, most importantly, supervoltage 
therapy improved local control. Since almost all patients 
die of dissemination, failure to control the disease locally 
results in a large ulceration, which is impossible to manage 
effectively. Therefore, in attempting to evaluate results of 
treatment, local control is often as important as longevity. 

Hormonal manipulation alone or in conjunction with 
radiotherapy has been of very limited benefit. Thus, the 
use of castration or other ablative hormonal procedures in 
the management of this disease should be seriously 
questioned unless there is positive correlation with 
estrogen receptors. 

Chemotherapy has been effective in only one patient, 
who is currently in complete remission for 6 months, 
treated only with Cytoxan, Adriamycin and 5- 
Fluorouracil. 

In most patients, surgery other than biopsy is contrain- 
dicated.?4546 Definitive surgery often will decrease the 
chance of local control of disease and probably accelerate 
dissemination by transecting tumor, reducing the immune 
response and impairing the effectiveness of radiotherapy. 
This group usually presents with diffuse involvement of 
the breast with or without demonstrable dermal lymphatic 
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TABLE 2. Results of Treatment in 69 Patients with Inflammatory 
Carcinoma of the Breast, (E.U.C. 1937-1975 )* 


I 


Average Average 
Free Local Average 
Interval Control Longevity 
Initial Rx Patients (mos) (mos) (mos) 
i 
X-ray only 31 Py 11 23 
X-ray & hor- 
monal manip- 
ulation 22 9 12 22 
X-ray & 
mastectomy a: 9 23 29 
Miscellaneous? l1 4 6 13 
Total 69 7 13 22 


e O iti tata 
* One 19 year survivor, 2 patients living without disease 54 and 24 
months and 3 currently under treatment are not included in this table. 
+ Eleven different modalities are included under this category (hy- 
pophysectomy, oophorectomy, estrogens alone; oophorectomy and 
male hormones. combinations of x-ray with hormones and chemotherapy 
or x-ray with surgery and/or chemotherapy and hormones. The longest 
palliative result was obtained with preoperative "Co and surgery. 


blockage and often with evidence of dissemination. On the 
other hand, a number of patients, without diffuse 
involvement, and fulfilling certain clinical and pathologic 
criteria, should be considered for surgery following 
supervoltage therapy. Suggested criteria are: a) the 
presence of a mass, not involving the entire breast, often 
known to the patient for a period of several months or 
longer before the sudden appearance of the inflammatory 
signs; b) a skin biopsy, negative for dermal lymphatic 
involvement, taken from an area of erythema not 
overlying the mass; c) no evidence of dissemination at the 
initial workup or for several weeks after completion of 
radiotherapy. 

Generalized skin thickening and increase in the overall 
density of the breast observed by mammography should 
alert the radiologist to suggest the possibility of inflam- 
matory carcinoma. Such findings may be present several 
weeks before the clinical inflammatory signs appear, as 
was noted in two instances in this series. 

Histologically no specific dermal lesion is consistently 
associated with clinical inflammatory carcinoma. Three 
types of lesions have been noted: a) plugging of lymphatics 
of the upper dermis by carcinoma cells; b) similar plugging 
of dermal lymphatics with associated infiltrative disease in 
the deeper dermis; and c) edema of the dermis with 
vascular dilatation without demonstrable involvement by 
carcinoma. No prognostic difference was found in the 
three groups. However, as mentioned above, negative 
skin biopsy in conjunction with absence of diffuse 
involvement of the breast clinically, probably has 
therapeutic significance. 


Addendum 


Since completion of this study, an additional patient has been seen 
with pre-inflammatory carcinoma. Three weeks before the appearance of 
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redness, edema and other distinct clinical findings, mammograms were 
made, which in retrospect showed increased density, vascularity and 
skin thickening of the involved breast with no discrete mass. 
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Comparison of Ancrod and Heparin as Anticoagulants 
Following Endarterectomy in the Dog 


THOMAS M. DANIEL,* SALVATORE V. PIZZO, PATRICK A. MCKEE 


An experimental model of surgically-induced arterial thrombosis 
was devised using the femoral arteries of dogs. Within 7 days, 67% 
of the arteries became completely thrombosed and only 12% 
remained completely patent. In the group of dogs that received 
low-dose heparin, 69% of the vessels were completely thrombosed 
and 6% remained completely patent. In the group of dogs treated 
with low-dose Ancrod to induce partial defibrination, 75% 
remained completely patent while only 19% of their femoral 
arteries were completely thrombosed. Although the ancrod was 
effective in preventing arterial thrombosis, 88% of the wounds 
showed moderate to severe separations. Most likely the absence of 
a fibrin lattice, necessary for the securement and growth of 
fibroblasts as the wound heals, explains this latter effect. Thus 
while Ancrod may become useful as an anticoagulant in certain 
clinical situations, it should not be used in proximity to surgery. 
Finally, in these studies of acute arterial thromboses, low-dose 
heparin therapy offered no protective effect. 


NCROD,t purified from the venom of the Malayan 
A pit viper, Agkistrodon Rhodostoma, is a thrombin- 
like enzyme which exerts its anticoagulant effect by 
rapidly lowering the plasma fibrinogen concentration. It 
has been studied primarily as an anticoagulant in venous 
and pulmonary thromboembolism. +717 It has also been 
proposed that ancrod might be useful in small vessel 
surgery in which the postoperative thrombosis rate is 
high. Following arterial injury platelet-surface and 
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platelet-platelet interactions comprise the first stage of 
hemostasis and fibrin formation develops during the 
second stage. Hence the primary effect of ancrod is on the 
second stage and platelet numbers and function are 
preserved. Consequently, it might be expected that 
defibrination would prevent the development of occlusive 
thromboses at the site of arterial surgery while leakage 
from suture lines would be minimal due to platelet plug 
formation. Recently Slade et al.,'? using a canine surgical 
model. found that in vivo platelet function remained 
sufficiently normal to effect capillary hemostasis during 
ancrod defibrination and that post-surgical hemorrhage 
was much less with ancrod than with heparin anti- 
coagulation. Haimov and Danese® studied the use of 
ancrod defibrination and that post-surgical hemorrhage 
was much less with ancrod than with heparin anti- 
boses in 75% of their control group and in 40% of their 
heparin-treated groups. However, no thrombotic occlu- 
sions developed in the ancrod-treated dogs. Vessel size 
was not specified in that study and in addition, the studies 
were terminated 4 hours after surgery, thereby obviating 
an evaluation of patency or the development of bleeding 
complications over the next several days. 

The present study was designed to evaluate both high- 
and low-dose ancrod and heparin therapy for the 
prevention of occlusive thromboses during the week after 
standardized arterial endarterectomies had been per- 
formed in dogs. Bleeding complications and wound 
healing were also assessed. 
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Methods 


Fifty adult mongrel dogs weighing between 8 and 18 kg 
were used in this study. Intravenous pentobarbital (25 
mg/kg) was used for anesthesia. All dogs were intubated 
with an endotracheal tube for ventilation but the level of 
anesthesia did not require the use of a respirator. The 
femoral arteries were exposed bilaterally and a 4-cm long 
arteriotomy was performed after proximal and distal 
control was achieved and all branches ligated. The distal 
external diameter of the arteries ranged from 2-4 mm. By 
drawing a fine pointed instrument across the endothelial 
surface at a right angle to the long axis of the vessel, a 
shallow, 3.5 cm-long endarterectomy place was produced 
that included the intima and the internal elastic lamina. 
The media was left virtually intact by this technique. The 
depth and completeness of each endarterectomy was 
confirmed by light microscopy at the termination of the 
experiment. The injury was reproducible and none of the 
92 vessels endarterectomized in this study was excluded 
because of technical failures. Following the endarterec- 
tomy all arteriotomies were closed with continuous 7-0 
Prolene suture; the wounds were closed with continuous 
3-0 silk for the muscle and subcutaneous tissues and 
continuous 3-0 silk mattress sutures for the skin. All 
surgery was done by one investigator ( T. D.). Pilot studies 
in our laboratory had demonstrated that vessel diameter 
and endarterectomy length were critical factors in this 
clotting model. Endarterectomies of 1.0 cm length in 
vessels of 2-4 mm diameter or endarterectomies of 3.5 cm 
length in vessels of greater than 4 mm diameter rarely 
thrombosed; however, endarterectomies of 3.5 cm length 
in vessels of 2-4 mm diameter produced a high rate of 
thrombosis. 

Control Group. The control group contained 16 dogs. 
They were divided into groups to parallel the experiments 
described below. Where indicated, these dogs received 
intravenous infusions of sterile saline without heparin or 
ancrod. Following the arterial surgery as described above, 
the dogs were maintained for 1 week before the femoral 
arteries were removed for study. In some control animals 
the endarterectomy was performed on only one femoral 
artery; however, in most animals both femoral arteries 
were used. 

Heparin Therapy. A total of 12 dogs were studied using 
two heparin regimens. High-dose heparin was defined as 
the amount required to maintain the clotting time in excess 
of 20 minutes. Pilot studies on two dogs, however, 
indicated that uncontrollable hemorrhage followed the 
arteriotomy closure when heparin was given intraopera- 
tively (—200 unit per kg). Therefore, four dogs were given 
the above dose of heparin 2 hours after the arteriotomy 
closure. Then the heparin dose of 200 units per kg was 
repeated as required to maintain the clotting time greater 
than 20 minutes. In the postoperative period it was 
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observed that the dogs were very resistant to heparin for 
the first 24 hours and intravenous heparin was required 
every 1—4 hours in doses varying from 100—400 units per 
kg to maintain a clotting time greater than 20 minutes. 

Eight dogs were included in the low-dose heparin group. 
Low-dose heparin was defined analogously to the 
standard human adult low-dose heparin therapy of 5000 
units subcutaneously every 8 hours (or 100 units per kg per 
8 hour period for a 50 kg patient). This dose of heparin did 
not affect the whole blood clotting time. The subcutane- 
ous injections were begun 2 hours after arteriotomy 
closure and repeated every 8 hours thereafter. In addition, 
a single dose of intravenous heparin (100 units per kg) was 
given 2 hours after arteriotomy closure and not repeated. 
Clotting times were obtained once daily 4 hours after a 
subcutaneous heparin dose. At the end of 7 days these 
animals were anesthesized and their femoral arteries were 
removed bilaterally using the technique described below. 
The animals were then sacrificed. 

Ancrod Therapy. A total of 22 dogs were used in the 
ancrod studies. The Ancrod used was a purified 
preparation of the snake venom enzyme supplied by 
Abbott Laboratories in a concentration of 100 units per 
ml. Ancrod was administered in four ways: 1) One group 
of three dogs was defibrinated just prior to surgery by 
infusing intravenously 2 units per kg over a 2 hour period 
in 200 ml of sterile saline; 2) Another group of three dogs 
was operated upon first and then the ancrod was given 
over a 2 hour period intravenously in a dose of 2 units per 
mg in 200 ml of sterile saline beginning 1 hour after 
arteriotomy closure. This same dose was given intraven- 
ously in 5 ml of saline every 12 hours thereafter for 7 days. 
This regimen was arbitrarily designated the high-dose 
ancrod regimen. 3) A group of 8 dogs received low-dose 
ancrod therapy. These dogs were given 0.5 units per kg of 
ancrod intravenously in 200 ml of saline over a 2 hour 
period beginning 2 hours after arteriotomy closure. This 
same dose was given intravenously in 5 ml of saline every 
24 hours thereafter for 7 days. 4) A fourth group of 8 dogs 
underwent femoral endarterectomies but received post- 
operative low dose-ancrod (as described above) intraven- 
ously for only 48 hours postoperatively and then the drug 
was stopped. The dogs were sacrificed at the end of a 
week. 

Pathology. At the times indicated in the Results 
section, the femoral vessels of each dog were re-exposed 
and an instrument consisting of two hemostats attached at 
right angles to a connecting bar was used to clamp the” 
proximal and distal ends of the artery being removed so 
that the area of endarterectomy was in the middle. By this 
technique the arterial segment was removed in a distended 
state, the importance of which has been described by 
Bunce? in that it permits an accurate determination of 
vessel patency and maintains the in vivo wall thickness of 
the arteries (Fig. 1A). Intraluminal blood was removed 
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Fic. 1. A) Cross-section of normal femoral artery in distended state 7 
days after arteriotomy, but without endarterectomy. The arrow, a, 
indicates the arteriotomy site and the arrow, b, points out the internal 
elastic lamina. B) Cross-section of thrombosed control vessel 7 days 
after endarterectomy. C) Cross-section of partially thrombosed vessel 
from low-dose heparin study 7 days after endarterectomy. D) 
Cross-section of patent vessel from low-dose ancrod study 7 days after 
endarterectomy. The arrow, c, indicates fibrin at arteriotomy site. 
(Verhoeff-Fomori stained. x 36). 


immediately by a 25 gauge needle, and an equivalent 
volume of 10% formalin was instilled into the lumen. Both 
ends of the vessel were then ligated and it was pinned toa 
cork board to prevent longitudinal contraction on removal 
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of the special clamp. After formalin fixation for 24 hours, 
transverse sections were made to grossly determine the 
extent of thrombosis. Final fixation was in Zenker's 
solution. Cross-sections were then prepared for light 
microscopy and stained with hematoxylin and eosin as 
well as Verhoeff-Gomoristain to demonstrate elastic 
tissue. In all instances patency was evaluated as follows: 
1) the presence or absence of a pulse in the vessel upon 
exposure at the termination of the experiment; 2) the 
extent to which the clamped vessel deflated when blood 
was aspirated from the lumen; 3) the size of the lumen 
when the vessel was cut transversely after fixation; and 4) 
the amount of thrombus present on microscopic examina- 
tion of multiple cross-sections of the vessel. 

Laboratory Assays. Fibrinogen levels and fibrin split 
products were determined at appropriate intervals during 
each experiment by standard techniques." 


Results 


Control Studies. Table 1 shows the results of 24 femoral 
endarterectomies performed in the control group of dogs. 
Of the 24 arteries studied, 16 (67%) were completely 
thrombosed by 7 days (Fig. 1B); 5 (21%) had a 10-30% 
luminal occlusion; only 3 (12%) were completely patent 
and free of thrombus by gross and microscopic examina- 
tion. 

Heparin Therapy. Two dogs underwent endarterec- 
tomy while fully heparinized but both exsanguinated 
within 2 hours after surgery as a result of bleeding from the 
arteriotomy sites. The four dogs that received heparin 
beginning 2 hours after endarterectomies and with clotting 
times maintained in excess of 20 minutes during the 
postoperative period expired by 48 hours from bleeding at 
the arteriotomy sites. Seven of the 8 vessels from these 
animals were widely patent on post-mortem examination; 
one of the 8 vessels showed a complete thrombosis. 

Table 1 shows the data from the group of dogs receiving 
low-dose heparin. The 8 dogs on this protocol did not 
bleed excessively following the endarterectomies and 
institution of the heparin. They continued to receive 
low-dose heparin for the ensuing 7 days and at the end of 
this study, 11 (69%) of the 16 vessels were totally 


TABLE 1. Comparison of Ancrod and Heparin as Anticoagulants Following Endarterectomy 
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% Vessels 
Mean Artery Total Partially & 
Ext. Diameter Arteries Completely Partially Completely Completely % Wounds 
Group* mm + S.D. Studied Thrombosed  Thrombosed* Patent Patent Separated 
NENNEN MMMMMNEEEEMMMMMMM. lll 1l 
Controls 2.8 + 0.6 24 67 Zi 12 33 17 
Low-dose Heparin 2.9 3 0.5 16 69 25^ 6 31 0 
Low-dose 7-Day Ancrod 2.8 + 0.4 16 19 6° 75 81 88 
Low-dose 2-Day-Ancrod 27 205 16 69 64 25 3] 56 


* All dogs survived for 7 days. 


+ Range of luminal occlusion: a) 10-30%; b) S—75%; c) 30%; d ) 20%. 
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POSTOPERATIVE DAYS 
Fic. 2. Mean plasma fibrinogen and mean serum fibrin split product 
levels following low-dose ancrod (0.5 units/kg/24 hr) which was begun 2 


hours after arteriotomy closure in 8 dogs. Vertical bars indicate + one 
standard error. 


occluded. Five (31%) of the vessels had 5-75% of their 
lumen occluded (Fig. 1C). The control and low-dose 
heparin treated groups had about the same number of 
vessels with patencies greater than 25%, 8 (33%) and 5 
(31%), respectively. None of the daily clotting time 
determinations was ever greater than 8 minutes in the 
low-dose heparin group. Furthermore there were no 
wound separations or excessive bleeding episodes in this 
group. 

Ancrod Therapy. The three dogs that were defibrinated 
with ancrod preoperatively had easily controllable 
wound bleeding during surgery despite plasma fibrinogen 
levels <50 mg%, but all developed uncontrollable 
bleeding from the arterial sutures. All dogs exsanguinated 
immediately following closure of the arteriotomies despite 
the use of conventional vascular surgery techniques to 
obtain hemostasis. The three dogs which received 
high-dose ancrod beginning 1 hour after arteriotomy 
closure were defibrinated rapidly as confirmed by 
fibrinogen assays (<50 mg%); however, all exsanguinated 
from the arteriotomy site by 48 hours after surgery. The 
first manifestation of hemorrhage occurred as wound 
hematomas 2 hours after the initial ancrod treatment was 
begun (4 hours after arteriotomy closure). At autopsy, one 
vessel was completely thrombosed while the remaining 5 
were fully patent. 

The 8 animals that were defibrinated with the low-dose 
ancrod beginning 2 hours after arteriotomy closure had no 
wound bleeding or mortality. As shown in Table 1. 12 of 
the 16 endarterectomized vessels were completely patent 
at 7 days and one vessel was 3096 occluded. Thus 13 (8192) 
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of the vessels were functionally patent. The completely 
patent vessels were strikingly free of luminal thrombus by 
microscopy except that a small amount of fibrin was 
present in most vessels along the arteriotomy incision 
(Fig. 1D). Fig. 2 shows that this high patency rate was 
achieved with only partial defibrination since the mean 
postoperative plasma fibrinogen levels ranged between 
60—110 mg% during the 7 postoperative days. Fig. 2 also 
shows that the mean level of fibrin split products initially 
rose during defibrination and gradually decreased. In this 
group of dogs, the partial defibrination state was 
associated with abnormal wound healing. Although 
neither early or late overt bleeding from the arteriotomy 
sites or incisions occurred as in the case of the totally 
defibrinated dogs, the wounds in the low-dose ancrod. 
hypofibrinogenemic dogs remained moist with leakage of 
sero-sanguinous fluid. Separation of the skin incisions 
began on the third postoperative day and increased until 
the seventh day when the dogs were sacrificed. Of 16 
incisions, 14 (88%) developed moderate to severe wound 
separations. In contrast, the 24 incisions in the control 
group of dogs showed only 4 (17%) minor wound 
separations by the seventh postoperative day (Table 1). 

The fourth group of dogs in the ancrod studies were 
partially defibrinated for only 2 days postoperatively to 
determine if the high patency rate observed in the group of 
dogs partially defibrinated for 7 days could be obtained 
and the problem with wound healing circumvented. In this 
group of 8 dogs, the low-dose ancrod was begun 2 hours 
after arteriotomy closure and then given every 24 hours 
postoperatively for a total of 3 doses. Table 1 shows that 5 
(3176) of the 16 endarterectomized vessels were patent at 7 
days; this percentage is about the same as the patency rate 
of 33% observed in the control group. Fig. 3 shows the 
mean fibrinogen levels in this group of dogs for 7 days. 
Approximately 2 days after the last infusion of ancrod, the 
plasma fibrinogen had returned to normal. Fig. 3 also 
shows that the fibrin split products were more or less 
inversely proportional to the fibrinogen levels; the fibrin 
split products peaked immediately following the initial 
ancrod infusion and remained elevated, returning to 
normal levels about 2 days after the last dose of the drug. 
Despite the more rapid return to normal levels of plasma 
fibrinogen, the 3 day period of partial defibrination 
interfered with wound healing since 9 (56%) of 16 incisions 
ultimately exhibited moderate to severe wound separa- 
tions (Table 1). ` 


Discussion 


The endarterectomy technique in this study was a 
useful method for the production of in vivo thrombosis. 
The removal of the endothelium and internal elastic 
lamina was followed by complete thrombosis in 67% of the 
control vessels. Endothelial damage predisposes to 
thrombus formation since platelets adhere to the damaged 
surface, presumably to exposed collagen fibrils; once 
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adherent, the platelets release constituents which pro- 
mote the aggregation of other platelets to form a platelet 
- clump.”! As the aggregated mass of platelets undergo 
shape changes and fuse, certain lipoprotein moieties 
interact with plasma clotting proteins to initiate the 
generation of thrombin.*’ Then thrombin catalyzes the 
conversion of fibrinogen to fibrin, which in the presence of 
activated fibrin stabilizing factor, becomes covalently 
crosslinked.* The formation of fibrin within and around 
the platelet mass gives rise to a fully developed thrombus. 

Currently heparin remains the anticoagulant of choice 
in clinical situations associated with an extraordinarily 
high risk of intravascular thromboses. Recent knowledge 
about the mechanism of heparin action has potential 
relevance to the use of low-dose or high-dose heparin 
regimens. Specifically, heparin acts as a co-factor with a 
plasma protein, antithrombin III, to enhance by ~100- 
fold the binding of antithrombin III with certain of the 
activated clotting factors, XII, XI, IX and X, as well as 
thrombin.? The inhibition of these serine protease 
enzymes by antithrombin III is irreversible since a 
covalent bond is formed between the serine active site of 
the clotting enzyme and an arginine residue in the 
antithrombin III molecule. The potentiation of anti- 
thrombin III occurs at exceedingly low concentrations of 
heparin, particularly with respect to the inhibition of 
activated factor X.!? This latter effect has recently been 
offered as an explanation for the efficacy of low-dose 
heparin in conditions predisposing to deep vein throm- 
boses and pulmonary embolism.!*15?? It is likely that this 
effect of heparin depends on the concentration of the 
activated clotting factors generated at a given intravascu- 
lar site. Thus if endothelial damage is extensive, more 
activated clotting factors might be generated and more 
heparin than supplied by the low-dose regimen may be 
required. Conversely, in instances such as postoperative 
deep vein thromboses, the generation of activated clotting 
factors probably occurs at such slow rates that low-dose 
heparin is effective. 

The results of our studies are in accord with this 
reasoning. In the control group of endarterectomized 
vessels, 6796 were completely thrombosed while in the 
low-dose heparin treated group, 69% of the endarterec- 
tomized vessels were totally occluded by 7 days. In 
addition, the fact that 21% and 25% of the arteries from the 
control and low-dose heparin treated groups, respectively, 
were partially occluded also signifies that this dose of 
heparin had no protective effect. High-dose heparin could 
not be used in this surgical model of thrombosis because of 
fatal hemorrhaging from the arterial suture sites. In 
addition to its effects on the inhibition of certain clotting 
proteins, high-dose heparin is known to inhibit thrombin- 
mediated platelet aggregation.* Thus, the fact that both 
platelet aggregation and the encasement of such aggre- 
gates by fibrin were inhibited must account for the 
uncontrollable hemorrage observed in the present study. 
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Fic. 3. Mean plasma fibrinogen and mean serum fibrin split product 
levels following low-dose ancrod (0.5 units/kg/24 hr) which was begun 2 
hours after arteriotomy closure and stopped 48 hours postoperatively in 8 
dogs. Vertical bars indicate + one standard error. 


Over the past several years there has been considerable 
interest in the use of ancrod as an anticoagulant. It 
accomplishes its effect by causing à marked lowering of 
plasma fibrinogen levels. More specifically ancrod acts 
by modifying the structure of fibrinogen in two ways. 
Firstly, fibrinopeptide A is cleaved from the Aa-subunit 
chains of fibrinogen to form non-crosslinked fibrin.? 
Unlike thrombin, ancrod does not activate fibrin- 
stabilizing factor, hence the fibrin never becomes 
crosslinked. Secondly, ancrod cleaves other portions of 
the a-subunit chains so that the resultant fibrin is partially 
digested.'? The fact that ancrod-formed fibrin is not 
crosslinked and is partially digested makes such fibrin 
exceedingly susceptible to complete digestion by the 
fibrinolytic enzyme, plasmin." As in the case of 
thrombin-induced fibrin formation, the defective, 
ancrod-formed fibrin stimulates in vivo fibrinolysis so that 
it is digested and the products cleared by the kidney and 
reticuloendothelial system. Although intravascular fibrin 
is formed during ancrod infusions, vessel occlusion and 
consequent organ impairment does not occur because the 
formation of the fibrin occurs slowly since the ancrod is 
infused slowly and the intravascular fibrin is cleared 
rapidly for the reasons discussed above. Therefore the net 
effect of ancrod is to decrease the plasma fibrinogen level, 
which also prevents the formation of a thrombus. 
Although high levels of fibrin split products which form 
during ancrod therapy may interfere with platelet 
interactions, the very rapid clearance of the fibrin split 
products by the kidney and reticuloendothelial system 
allows for the restoration of normal platelet phenomena so 
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that platelet plug formation can occur at suture sites. 
Previous work from this laboratory has indicated that 
such platelet interactions can effect adequate capillary 
hemostasis.!? The results of the present study, however, 
Suggest that such platelet plugs are not effective as 
sealants against arterial pressures. This much account for 
our finding that fatal hemorrhage occurred from the 
arterial suture sites in all the dogs which were completely 
defibrinated in proximity to surgery. However, when 
low-dose ancrod was used to lower the plasma fibrinogen 
level to approximately 90 mg/100 ml (about one-fourth 
normal), sufficient fibrinogen must have been available to 
partially stabilize such platelet plugs in a network of fibrin 
and thus make them more effective in occluding the 
arterial suture holes. This interpretation is in accord with 
our observation of a small amount of fibrin Capping the 
platelet masses along the suture lines in vessels removed 
from the dogs treated with low-dose ancrod. Further- 
more, all of these animals survived and the incidence of 
completely occluding thrombi was only 19% as compared 
to 67% for the control and 69% for the low-dose heparin 
groups. Conversely, 75% of the vessels from the low-dose 
ancrod group were totally patent at 7 days as compared to 
only 12% and 6% of the vessels from the control and 
low-dose heparin groups, respectively. 

Most disconcerting in these studies was the effect of 
Ancrod defibrination on wound healing. While tradition- 
ally it has been taught that fibrin formation in and about 
wounds is a prerequisite for normal healing, little 
experimental data have been supplied to explain why. For 
example, it is known that abnormal wound healing occurs 
in congenital deficiencies of fibrinogen or fibrin-stabilizing 
factor, the latter being the enzyme responsible for 
catalyzing crosslink formation between fibrin molecules." 
Our current observations coupled with the observations 
of other investigators indicate that fibrin is indeed a lattice 
for the securement of fibroblasts in a wound. It has been 
Suggested that a fibroblast membrane protein. possibly 
identical to cold-insoluble globulin, becomes covalently 
crosslinked to the a-chains of the fibrin molecule.?:!5 In the 
case of ancrod-formed fibrin, however. the portion of the 
a-chains which contain potential crosslink sites has been 
degraded and therefore this would obviate the possibility 
of crosslinks forming between fibrin and the fibroblast 
membrane protein. Thus, while the invasion of a wound 
by fibroblasts might still occur, the fibroblasts cannot 
become bound to the fibrin. Potentiating this defect is the 
hypofibrinogenemic state which results in a decreased 
fibrin content in the injured tissues. In our studies. 88% of 
the 16 wounds were significantly separated in dogs 
receiving low-dose ancrod while only 17% and 0% of the 
wounds showed separation in the control and low-dose 
heparin treated groups, respectively. Of interest was the 
fact that in those dogs receiving ancrod for only 2 days, 
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56% of 16 wounds still separated, suggesting that wound 
healing is exquisitely sensitive to fibrin content. 

Our studies indicate that agents which significantly ~ 
interfere with the formation of fibrin are effective with 
respect to preventing intravascular thromboses. Incertain 
surgical situations, however, this beneficial effect is 
countered by undesirable effects on wound healing. Our 
studies also indicate that low-dose heparin will not be 
adequate as an anticoagulant in instances which are 
almost always accompanied by severe thrombosis. 
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Reduction of Early Occlusions in the High Risk 
Peripheral Saphenous Vein Graft 


Early thrombosis of saphenous vein grafts can only reduce 
long-term patency. There exists a high risk category of patients 
who can be identified preoperatively where early failure is 
increased above the 10-20% which is attributed to technical 
errors. A venous side-arm indwelling catheter offers a safe means 
of reducing early thrombosis, promptly diagnosing the occlusion 
when it does occur, and more clearly delineating a course of 
corrective action. The venous side-arm catheter provides a means 
by which the vascular bed at highest risk may be regionally 
anticoagulated while allowing systemic clotting times to remain 
near normal. In addition, vasoactive drugs may be infused directly 
into the arterial tree and perhaps most importantly, rapid and 
atraumatic arteriograms can be obtained postoperatively at the 
bedside for evaluation of questionable perfusion. Regional 
heparinization and postoperative arteriography by means of the 
side-branch catheter technique was used in twelve patients who 
otherwise had an expected occlusion rate of 75% or more with an 
actual early occlusion incidence of zero. 


APHENOUS VEIN femoropopliteal and femorotibial 
S bypass grafts have a high initial patency rate when the 
indication for operation is claudication alone. Bypass 
grafting for severe rest pain or ischemic tissue loss, 
however, is thought to result in more failures, many of 
which are due to early postoperative occlusions. 

Early failures in the immediate postoperative period 
have been reported at 10—2092?*?!! and have been 
attributed to avoidable technical errors.?? Our data 
suggest that there is a group of patients which preopera- 
tively can be predicted to be at high risk and, furthermore, 
"the high risk is due to features which cannot be avoided 
even with the most meticulous care toward technique. 

A review of patient charts was made to define from our 
experience those patients who have the highest risk of 
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early occlusion and in this group of patients additional 
measures were applied with initial success. A means of 
administering maximal regional anticoagulation to the 
limb at risk is described which also permits more exact 
postoperative monitoring of graft patency in the patient 
without distal pulses. Rapid diagnosis of postoperative 
occlusion, as well as its location and cause is also practical 
by this method. 


Methods and Materials 


Retrospective Study: The records of 94 patients 
receiving saphenous vein femoral-popliteal or distal artery 
bypass grafts at The Johns Hopkins Hospital between 
1970 and 1973 were reviewed. Early occlusion was defined 
clinically as the loss of distal pulses or loss of a previously 
detected graft pulse by palpation or ultrasound during the 
first three postoperative weeks. Where distal pulses were 
never detectable, failure of the limb to improve, re- 
exploration of the graft or amputation for extension of 
gangrene was taken as indicative of graft occlusion. It is 
possible that some early occlusions were not disclosed by 
these criteria since some limbs may fail to deteriorate even 
when the graft fails. 

The effects of diabetes, the indications for operation 
and the radiographic picture of the distal vessels were 
evaluated as to their predictive value for early occlusion. 
The number of vessels patent below the popliteal 
trifurcation on arteriography was not necessarily equated 
with assessment of distal runoff. Abnormal delay in the 
appearance of contrast material or persistence of contrast 
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Fic. 1. Heparinized saline (250 cc I.V. bottle) pressurized to 120 mm Hg 
and introduced into the proximal vein graft after completion of the distal 
anastomosis. The volume administered over one minute through 
Standard I.V. tubing represents the flow capability (runoff) of the 
graft and distal vessels in cc/min. The pressure tank and reduction 
valve regulate a constant pressure as the volume in the bottle 
diminishes. The regulator is a Norgren valve Type I1-018-100, available 
through C. A. Norgren Co., Colorado Springs, Colorado 80120. 


material beyond the expected washout time was inter- 
preted as poor runoff despite the number of vessels 
counted. Postoperative anticoagulation was also assessed 
as to its effect on early occlusion. In that group of patients 
where distal pulses were not reliable to assess graft patency, 
and, indeed, where no good criteria existed to assess the 
need for re-exploration, the value of post-operative 
arteriography was evaluated with the thought that more 
frequent and earlier arteriography may bring about more 
prompt re-exploration and fewer permanent graft occlu- 
sions. When it was established that there was, indeed. a 
high risk group which might benefit from a more 
aggressive approach and a more sensitive method of 
postoperative graft evaluation, a prospective study group 
was then formed. 

Prospective Group: Patients, who by clinical and 
radiographic criteria had a poor early prognosis, were 
chosen for the prospective group. As a means of validating 
the predicted poor prognosis, flows through the vein graft 
and distal vessels were measured at the operating table by 
a simple device (Fig. 1). After completion of the distal vein 
graft anastomosis and placement of the graft in its 
subcutaneous tunnel, a length of sterile I.V. tubing was 
introduced by way of an adaptor into the proximal vein 
graft. An adjustable regulator attached to a standard 
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oxygen tank was used to pressurize a 250 cc bottle of 
heparinized saline to 120 mm Hg. Using sterile I. V. tubing 


and connectors which had been previously proven € 


capable of accepting flows exceeding 150 cc per minute at 
120 mm Hg pressure, the flow of saline through the vein 
graft and distal vessels was measured at the constantly 
maintained pressure standard of 120 mm Hg. Flow 
(runoff) in cc per minute was easily measured by the turn 
of a stopcock and observation of the volume displaced 
from the bottle in one minute. Several measurements were 
taken before and after the injection of 15 mg of papaverine 
into the graft. When flows improved dramatically after 
medication, vasodilator infusions were considered post- 
operatively as adjunctive therapy. 

Care was exercised during flow measurements to avoid 
gas embolism with a near empty bottle and where flows 
greater than 100 cc per minute were measured, trials were 
limited to 30 seconds of flow to avoid possible acute fluid 
overload. 

The simplicity and economy of this device for 
measuring flow is obvious. Twelve patients had flows 
of less than 100 cc per minute that confirmed the clin- 
ical and radiographic signs predicting a high rate of 
early failure. These patients were chosen for further 
operative adjunctive treatment as follows: After comple- 
tion of the proximal and distal vein graft anastomoses, a 
.048 inch internal diameter silastic catheter was placed 
into the saphenous vein graft by way of a venous side 
branch. The construction of the venous branch required 
only the more distal ligation of an already existing venous 
tributary of the vein graft at the time of harvesting. The 
side branch in no case was less than 3 cM in length and 
possessed no competent valves between the catheter tip 
and the main lumen. The catheter tip was placed close to, 


but not in, the main lumen of the graft. A single ligation ~ 


held the catheter in place in the vein and suture ligation 
secured the catheter to the skin where it exited by a small 
separate stab wound. A percutaneous suture was placed 
circumferentially around the venous side branch to be 
drawn down for occlusion of the branch when the catheter 
was permanently removed (Fig. 2). The placement of the 
catheter required no more than five additional minutes of 
operative time. Intra- and postoperative arteriograms by 
way of the side-arm catheter were obtained as needed. 
Rapid hand injection of 20 cc of Renografin 60 and an 
appropriately timed portable x-ray exposure produced 
excellent quality arteriograms. The side-arm catheter was 
also used for infusion of heparin and occasionally 
papaverine postoperatively to study the effects of regional 
drug administration on graft patency. Five to 15,000 units 
of heparin was continuously infused into the vein graft 
daily while monitoring systemic Lee-White clotting times. 
Papaverine in 15-30 mg doses was also given as indicated 
by clinical course and postoperative arteriograms. 
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A pressure transducer was introduced into the side-arm 
catheter for periodic monitoring of pulse pressures within 
the graft as assessment for possible inflow occlusion (Fig. 
3). 

Those patients treated in this fashion were evaluated 
clinically for patency, wound healing and response to 
therapy. The catheter was removed on the third day aftera 
bedside arteriogram through the side branch was per- 
formed. 

The patients continued to be evaluated for any episodes 
of graft occlusion in the first three postoperative weeks 
and recurrence of symptoms or loss of a previously 
detected pulse were interpreted as graft occlusion. 


Results 


Retrospective Group: In the entire group, claudication 
as the sole operative indication existed in only 24.4% 
while the majority of procedures (73.4%) were carried out 
for rest pain or ischemic tissue loss. Failure of a previous 
vein graft with recurrence of symptoms accounted for 
2.2%. The indication for operation was found to be related 
to operative mortality. There were no operative deaths in 
the claudication group; however, the operative death rate 
was 4% in the rest pain-tissue loss group. 

The overall occlusion rate in the first three weeks was 
3396 with permanent graft failure occurring in 2766. The 
indication for operation was also important in predicting 
early graft occlusion. Only 1346 of vein grafts done for 
claudication alone experienced an episode of occlusion in 
the first 3 postoperative weeks, while 42.3% of the rest 
pain category and 44.196 of the ischemic tissue loss group 
experienced at least one episode of occlusion. 

The presence of diabetes was significant in the 
prognosis of both patency and operative mortality. The 
incidence of diabetes in the early occlusion group was 50% 
and 3 of the 4 deaths were diabetic despite the overall 
incidence of diabetes in the operative group of only 31.9%. 

The incidence of amputation of an extremity for 
extension of gangrene after the bypass graft was also 
influenced by operative indication. Amputation rates 
in the claudication and rest pain groups were 0 and 15%, 
respectively. Amputation of the entire extremity to the 
below knee level or above occurred in 38% of the ischemic 
tissue loss group. Forty-three per cent of diabetics came 
to some degree of amputation and 6346 of the amputations 
. were diabetic. 

Arteriographic findings preoperatively were also shown 
to effect postoperative courses. When the radiologist's 
interpretation of runoff was *'poor,"' the early occlusion 
rate was 38.7% and subsequent amputation rate was 35%. 
When 0-1 vessels were patent to arteriographic injection 
below the trifurcation the early occlusion rate was 57.1% 
and amputation rate was 5096. Conversely, when runoff 
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Fic. 2. Transverse section of the bypass graft in the mid thigh at the level 
of catheter insertion. Note percutaneous suture loop placed loosely 
around the venous side branch for occlusion on decannulation. 


was ''good," or 2-3 vessels below the trifurcation were 
patent, amputation rates fell to about 19%. 

This retrospective data suggested that the 5 preopera- 
tive variables of severe rest pain, ischemic tissue loss, 
diabetes, poor runoff and less than two patent vessels 
below the popliteal trifurcation were influential in 
predicting the early postoperative occlusion rate. The 
occurrence of three or more of these variables in a single 
patient if not anticoagulated after operation predicted an 
occlusion rate of 75% of greater (Table 1). 

Age, sex, duration of symptoms, smoking, heart 
disease and bilaterality of disease did not effect the risk of 
early postoperative occlusion. 

Postoperative anticoagulation by Dextran or heparin 
has been considered by some to produce an unacceptable 
risk for bleeding and wound hematoma and to offer little 
improvement in graft patency. For these reasons, 
anticoagulation was evaluated in the retrospective group 





Fic. 3. Constant infusion and blood pressure display. Stopcock allows 
injection of contrast medium or vasoactive drugs. 
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TABLE 1. Effects of Prognostic Variables on Early Occlusion Rates 








Number of Preop Occlusion Rate with Occlusion Rate without 
Variables Present Anticoagulation Anticoagulation 

0 of 5 1/12 (8:3%) 1/10 (10%) 

1 of 5 2/9 (1196) 2/5 (40%) 

20f 5 2/6 (3390) 3/7 (42.890) 

3 of 5 2/8 (2590) 9/12 (75%) 

4 of 5 2/10 (2096) 4/5 (80%) 

5of5 1/3 (33%) 4/4 (100%) 





as to its effect on postoperative course. Anticoagulation 
was considered only if it was carried out as a continuation 
to operative héparinization. Delayed anticoagulation or 
anticoagulation following a re-exploration was not consid- 
ered. Adequate anticoagulation with intra-venous hepa- 
rin or Dextran postoperatively significantly improved 
early occlusion rates in the high risk patients (Table 2) and 
reduced their occlusion rates to low risk levels. An- 
ticoagulation did not significantly imiprove early occlusion 
rates in the lower risk patient population (Table 2). It is 
noteworthy that the occlusion rates seen in both the 
anticoagulated and unanticoagulated low risk patients 
correlated well with the previously reported early 
occlusion rates which DeWeese and DeBakey have 
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TABLE 2. Effect of Anticoagulation on High and Low Risk Groups 





A. High risk group (3 or more variables present)* 
Early occlusion rate with anticoagulation 
Early occlusion rate without anticoagulation 


5/21 (23.8%) 
17/21 (80.9%) 


B. Low risk group (2 or less variables present)t 
Early occlusion raté with anticoagulation 


i 5/26 (19.1%) 
Early occlusion rate without anticoagulation 


6/22 (27.2%) 





* Values are significant to P exceeding .01. 
t Values show no significant difference. 


reported as being 10—20% and attributable to technical 
errors. 

The dramatic improvement accompanying systemic 
anticoagulation in the high risk group was not entirely 
without its unfavorable aspects, however. Even though 
the occurrence of re-exploration for graft occlusion was 
reduced from 15.4% to 8.4% by anticoagulation, the 
incidence of hematoma found in the wound at re- 
exploration was three times that seen in the non- 
anticoagulated group. The location of hematoma accumu- 
lation was uniformly in the groin or thigh and it was this 
finding which first suggested the idea of regionelly 
anticoagulating only the distal or ‘‘run-off’’ portion of the 
graft. Despite the increased incidence of hematoma 


TABLE 3. Results-of 12 High Risk Saphenous Vein Bypass Grafts Treated by Indwelling Silastic Catheter and Continuous Regional Anticoagulation 





Patient High Risk Evaluation 
1. JB Severe rest pain, 0-1 patent vessels poor rurioff 
2. WT Severe rest pain, ischemic ulcer, diabatic 1 vessel, 
good runoff 
3, JB Sévere rest pain, gangrene 1 vessel, poor runoff 
4. SW Severe rest pain, dry gangrene diabetic, good 
runoff 
5. MR Severe rest pain, ischemic ulcer, 0—1 vessel 
6. TA Severe rest pain, wet gangrene of 4 toes, diabetic 
| vessel, poor runoff 
7. JW Severe rest pain, ischemic ulcer, 1 vessel, poor 
. runoff l 
8. AK Severe rest pain, gangrene of toe, diabetic, 1 vessel, 
- poor runoff 
9. IP Severe rest pain, ischemic ulcer, 1 vessel, good 
runoff 
10. FW Severe rest pain, diabetic 1 vessel, poor runoff 
11. JW Severe rest pain, gangrene 0—1 vessel, poor runoff 
12. HB Severe rest pain, ischemic ulcer, diabetic 1 vessel, 


good runoff 


Note: None of tlie grafts occluded within the first 3 weeks. 


Not measured 


Not measured 


Not measured 


Measured Runoff 
at Operation 
(cc/min) Outcome 

85 Asymptomatic, patent graft at 8 weeks 

80 Healed ulcer at 3 weeks. Died 9 weeks postop of 
myocardial infarction 

90 Foot healed, graft patent, reexplored for hema- 
toma 6 hours postop ` 

85 Excellent result auto amputated toe with complete 
healing 

88 Home at 4 weeks with patent graft. Late occlusion 
and non-healing ulcer at 5 weeks. 

80 Infected gangrene. Amputated at 4 weeks. Vein 
graft pulsatile and patent at amputation 

90 Ulcer healed, asymptomatic at 3 months 


Gangrene debrided with healing, asymptomatic at 
5 months 


Well healed, asymptomatic. 


80 Good result, died prior to long-term followup of 
myocardial infarction 

80 Superficial wound infection healing with patent 
graft at 60 days 


Healed ulcer at 3 weeks. Late occlusion and ampu- 
tation at 5 weeks 
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formation, no graft failures or limb losses were attributa- 
ble to hematomas and the significant improvement in 
patency rates in the high risk group would seem to justify 
its use in the postoperative period. 


Prospective Group 


Physiological Monitoring: The measurement of flows at 
the operating table by means of the constant pressure 
device proved helpful from two standpoints. First, it 
confirmed the poor runoff conditions predicted by the 
preoperative high risk variables. In every case where the 
patient had three out of five of these conditions, flows 
between 80 and 100 cc per minute were seen. When the 
patient did not fall into the predicted high risk group, flows 
uniformly exceeded 100 cc per minute. 

Secondly, the flow measurements were helpful in 
delineating that portion of distal runoff resistance which 
was due to reversible vasospasm. In those patients which 
improved their flows by 20% following papaverine 
injection into the graft, vasospasm was considered to be 
significant. These patients were treated with papaverine 
postoperatively by way of the side-branch catheter if 
arteriography or skin temperature changes confirmed the 
presence of vasospasm. 

Over a period of 6 months, 12 patients were encoun- 
tered who could be expected to have an occlusion rate of 
75% or more in the first three postoperative weeks if 
treated in the routine manner. This group of patients was 
felt to have the most to gain by a more aggressive approach 
and in whom an improved salvage rate would be most 
significant. 

All patients in the side-arm catheter group were deemed 
at high risk by having at least 3 out of 5 predictive criteria 
and shown to have a runoff flow of less than 100 cm/min at 
120 mm Hg pressure before papaverine injection. Because 
the retrospective study had predicted an early occlusion 
rate of 7596 or more if not anticoagulated, regional infusion 
of heparin by way of the side-arm catheter was carried out 
for 72 hours postoperatively. With 5—15 thousand units 
per day of heparin regionally administered, systemic 
clotting times using anticubital fossa arm blood averaged 
12 minutes, with a range of 7 to 15 minutes. 

There were no incidents of vein graft occlusion in the 
first three postoperative weeks in 12 consecutive very high 
risk patients treated with side-arm cannulation and 
regional anticoagulation (Table 3). The incidence of 
wound hematomas in the thigh with side-arm regional 
anticoagulation was 2 of 12 or 16.6%. These two patients 
required surgical evacuation of hematomas under local 
anesthesia and at operation were found to have a branch 
on the graft which was bleeding under arterial pressure. 
The grafts remained patent and both patients left the 
hospital without other complications. No hematomas 
were related to the cannulated vein branch itself. 
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Fic. 4. Portable bedside arteriogram performed postoperatively showing 
a patent graft and excellent distal perfusion despite a cool foot and 
low amplitude doppler pulses. 


The side-arm catheter was also used to measure blood 
pressures within the graft by stopcock attachment to a 
pressure transducer. In every case, blood pressures were 
comparable to systemic blood pressures measured in the 
arm. No reduced inflow was demonstrated postopera- 
tively in this series and no proximal re-explorations or 
proximal bypass grafts were required. In 12 patients who 
had indwelling silastic side-arm catheters placed into the 
vein graft, not only was intraoperative arteriography 
easily obtained and of excellent quality. but bedside 
postoperative arteriography was also available by simple 
hand injection. In 8 of 12 patients in the prospective group 
pulses were not palpable postoperatively and in every 
case. mechanical patency of the vein graft and distal 
vessels was demonstrated by bedside arteriograms (Fig. 4). 


Discussion 


The results of saphenous vein grafting to small vessels 
in the distal limb have been reported with variable 
success. In every series there is a group which experi- 
ences occlusion of the graft soon after its placement and as 
the patients chosen for operation become more severely 
diseased, this early occlusion group increases in number. 
If a means of maintaining patency through this difficult 
postoperative period can be found, an as yet unknown 
portion may become long-term successes. 

The immediate postoperative period is known to induce 
a hypercoagulable state. Vasospasm, endothelial damage 
and the release of tissue thromboplastin, all occur as the 
direct result of surgical dissection and traction on blood 
vessels. All grafts become coated by fibrin and plasma 
proteins which are known to induce platelet adhesion? 
and even the most meticulous microsurgical anastomosis 
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cannot fail to expose some intima! collagen as the result of 
traumatized or absent endothelium. The rationale of early 
and effective anticoagulation is to inhibit coagulation until 
local conditions improve. Once collaterals dilate and raw 
intimal surfaces are covered by a more stable protein- 
fibrin-platelet complex and free clotting factors are diluted 
or metabolized then anticoagulation can be reduced. The 
period which must be allowed for this to occur is not yet 
clear; however, we have found that 48-72 hours of 
anticoagulation is highly effective. 

Theoretically, but not proven, is the advantage of 
regionally anticoagulating only the distal limb at risk while 
maintaining systemic clotting times at near normal levels 
through whole body dilution. Groin and upper leg 
incisions should be perfused with blood exhibiting near 
normal clotting times, while distal vessels and presumably 
those with the most sluggish flow would be maximally 
anticoagulated. In addition, the complications of adrenal 
hemorrhage, submucosal duodenal hematomas and 
generalized bleeding which is rarely but occasionally seen 
with clinically effective systemic anticoagulation should 
be non-existent when systemic clotting times remain near 
normal. 

The rewards of the side-branch catheter became 
obvious very early and it is of no surprise that Johnson 
found this maneuver useful for obtaining safe and efficient 
arteriograms at the operating table. Operative and 
postoperative arteriography by this means avoids arterial 
puncture which is an especially important feature in the 
anticoagulated patient. In addition, it does not dislodge 
mural plaques, injure new grafts, allow extravasation of 
dye, or subintimal injections. 

When initial patency does not remain despite all efforts, 
rapid and early arteriography can often mean the 
difference between limb salvage and amputation. Dem- 
onstration of spasm can point out the need for 
pharmacological or surgical sympathectomy. Likewise, 
diagnosis of a distal occlusion or embolization may press 
the need for surgical reexploration. On the other hand, 
poor runoff or previously unappreciated unreconstructa- 
ble disease may make clear the futility of further efforts 
and avoid reexploration in an already high risk patient. 
These conditions are difficult to diagnose postopera- 
tively, particularly in the absence of reliable distal pulses. 
The time and inconvenience of a midnight arteriogram 
have on occasion delayed definitive measures beyond re- 
versibility. The side-branch cannula affords this portal of 
entry without the delay or risk of arterial puncture or 
the need for more sophisticated radiological techniques. 

If no distal causes for occlusion can be demonstrated, 
the ability to compare pulse pressures within the graft to 
systemic pulse pressure should offer an index to inflow. 
Diagnosis of a gradient across the proximal vessel may 
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point out compromise of the anastomosis or functional 
iliac artery stenosis where radiological stenosis was not 
demonstrable. The attachment of a pressure transducer to 
the side-branch catheter allows direct and continuous 
visualization of graft pressures. 

This method of study may not totally be without risk, 
however. The silastic catheter and cul-de-sac side-branch 
could be argued as a nidus for propagation of a thrombus 
back into the main lumen. The antithrombogenic nature of 
silastic, however, and the small cul-de-sacs of ligated 
branches routinely present do not ordinarily cause 
thrombotic problems. In addition. it is only after removal 
of the cathether that anticoagulation is discontinued. 

Infection rates should not be altered if aseptic practices 
are maintained. There was one patient who developed 
superficial wound infections; however, these healed with 
routine measures. The risk of hematoma formation with 
this technique is increased over that seen without 
anticoagulation; however, no hematomas have occurred 
because of the side-branch catheter and no hematomas 
have occurred in the absence of a discrete bleeding point 
on the graft itself which in retrospect should have been 
secured at the initial operation. We believe the risk of 
hematoma to be acceptable in light of the much improved 
patency rate and can be further reduced with more 
meticulous attention to hemostasis. 

Removal of the catheter on termination of treatment 
should produce no more morbidity than removal of any 
arterial catheter, particularly with ligation of the side 
branch by the previously placed circumferential suture. In 
addition, the valves alone in the side-branch tributary 
have been enough to prevent bleeding as was dramatically 
demonstrated when a catheter was inadvertently and 
prematurely removed without ligation by the percutane- 
ous suture. No bleeding occurred and under direct 
observation, it was seen that valves in the side branch 
were competent. 

It is not suggested that the side-arm catheter method of 
regional anticoagulation should be a routine part of every 
saphenous vein bypass since there is a slightly increased 
risk toward hematoma formation from small graft 
tributaries which would probably not leak blood under 
ordinary conditions. For those high risk patients where 
surgery is nonetheless indicated despite a guarded 
prognosis for limb salvage, this method can offer a 
significant chance for improving early graft patency at a 
risk which is acceptable in comparison to the alternative of 
limb loss. 
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Gastrocolic Fistulae in Benign Peptic Ulcer Disease 


G. KRISHNA KUMAR, M.D., F.R.C.P.(C), F.A.C.G.,* MOHAMMED A. RAZZAQUE, M.D., 
M.D 


Occurrence of gastroenteric fistulae in non-surgically treated 
peptic ulcer disease is rare as suggested by only 26 cases published 
in the literature so far. We had the opportunity to care for 3 
patients with this problem in a period of one year. At our 
institution, a search of the medical records dating back to 1955 
yielded one additional case. Most of our patients had a history of 
salicylate or corticosteroid intake. We present here the details of 
these cases and discuss the possible role of the location of the ulcer 
and ulcerogenic anti-inflammatory drug ingestion in the causation 
of gastroenteric fistula. We believe the incidence of this uncommon 
entity may rise significantly with the more common use of 
salicylates and corticosteroids. 


ASTROCOLIC FISTULA iS a rare complication of 
G nonsurgically treated benign peptic ulcer disease. 
A recent review of the English literature revealed only 24 
documented case reports of this entity.'? A search of 
Mayo Clinic records by Smith and Claggett'? yielded only 
one patient with this entity. A review of all the surgical 
records at Scott and White Clinic and all its affiliated 
hospitals by Broder? revealed 2 similar cases. Three 
patients with gastroenteric fistulae were seen at Wayne 
State University, School of Medicine affiliated hospitals 
during the years 1973—74, and a review of the records at 
Detroit General Hospital between the periods 1952— 1972 
yielded one additional case. We are reporting these four 
patients to call attention to this very rare but important 
complication of benign peptic ulcer disease. 
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Case Reports 


Case 1. V.S., a 48-year-old Caucasian woman, was admitted to Detroit 
General Hospital on 4-25-73 with complaints of abdominal pain, 
vomiting and weight loss of 4 months duration. She had been having pain 
in the epigastric region and left paraumbilical area for at least one year 
and daily vomiting one-half to one hour following meals for 5 months. 
She also related the history of weight loss (35 lbs in 4 months). She denied 
any diarrhea, hematemesis or melena. 

She had been taking aspirin every day for headaches and abdominal 
pain for over 6 months. She denied excessive alcohol intake or smoking. 
There was no past history of peptic ulcer disease. The physical findings 
on admission revealed an undernourished, moderately pale patient, in no 
acute distress. Her vital signs were within normal limits. The lung fields 
were clear to percussion and auscultation. The cardiovascular system 
was unremarkable. Abdominal examination revealed tenderness over 
the left paraumbilical area with a questionable mass in the epigastrium. 
No hepatosplenomegaly was found. Rectal examination revealed no 
mass or guiaic positive stool. Laboratory findings included initial 
hemoglobin 7.2 gm/100 ml, WBC 10.000 per ml with normal differential. 
McV 79 mm?, McH 25.8, McHc 32.1%. Multiple screening test showed 
alkaline phosphatase 140 IU/ (normal 40—80 IU). The remainder of the 
screening tests which included calcium, total protein, albumin, globulin, 
cholesterol, SGOT, LDH, total bilirubin, blood urea. nitrogen and 
creatinine were all within normal limits. The serum amylase level was 51 
units and fasting blood sugar was 120 mg/100 ml, B.S.P. retention was 192 
at 45 minutes. Serum sodium was 132 mEq/l, potassium 3.4 mEq/L and 
chloride 93 mEq/L. The urinalysis revealed 8-10 WBC/HPF. UGI was 
interpreted as having a nodular mass along the greater curvature 
protruding into the stomach cavity. The mass had a possible ulceration 
on the top. A barium enema was normal. A gastroduodenoscopy was 
performed. The examiner noted that duodenal bile content was 
regurgitating into the stomach through a mucosal mass and the normal 
pylorus was visualized 4 cm distal to this area. The mass was biopsied 
and this revealed no malignancy. A surgical exploration of the abdomen 
revealed a mass along the greater curvature of the stomach with a fistula 
between the stomach, jejunum and transverse colon. The surgical 
procedure included subtotal gastrectomy with gastrojejunostomy, 
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Fic. 1. (Case 1). Upper gastrointestinal series showing a filling defect 
(arrow shows site of fistula). 


segmental resection of the transverse colon and part of the small bowel. 
Histological examination confirmed the existence of a chronic benign 
ulcer along the greater curvature of the stomach with fistulous tract. 

Case 2. J.A., a 12-year-old Caucasian girl, was admitted to Detroit 
General Hospital with bloody diarrhea and vague upper abdominal pain 
in 1954. Six months prior to admission, she was diagnosed as having 
dermatomyositis. She was treated with ACTH for 4 to 5 weeks. During 
the course of treatment with ACTH, she had vague upper abdominal 
pain at varying times. 

Prior to the current hospital admission, she was seen in the clinic with 
exacerbation of symptoms of dermatomyosis and she was placed on 
ACTH therapy (60 units daily) which was tapered gradually to 40 units 
per day on 9-2-54. She was seen with continued abdominal pain which 
was relieved at times by eggnog ingestion. She was also constipated for 
two days prior to the episode of bloody diarrhea. 

Physical examination on admission revealed her blood pressure to be 
130/80, and the oral temperature 39°. Examination of the abdomen 
revealed generalized muscle guarding and diffuse tenderness. No organs 
or masses could be palpated. Her lungs were clear to percussion and 
auscultation. Examination of the cardiovascular system was within 
normal limits. Examination of the skin showed generalized rashed and 
superficial scales. 
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Laboratory findings revealed the following: urjnalysis was normal, 
white blood count was 12,605 with a differential count of polymorph 63 
lymphocytes 28, monocytes 6% and basophils 3%. The hemoglobulin 
was 12.6 gm/100 ml. Serum electrolytes were normal. Multiple blood 
cultures did not grow any organisms. Blood urea nitrogen was 19 mg/100 
ml, serum prothrombin time was 13.3 seconds with a control of 14 
seconds. L.E. prep was negative. A chest x-ray was normal. 

Stools for occult blood were 4+ positive persistently. Gastric content 
was positive for occult blood. Serum calcium was 7.7 gm/100 ml. 
Phosphorous of 5 mg/100 ml. A flat film of the abdomen showed 
non-specific gas pattern. An upper gastrointestinal series revealed a 
penetrating ulcer along the greater curvature of the stomach with no 
evidence of fistulous tract. A barium enema demonstrated the fistulous 
tract between the stomach and colon in the region of the splenic flexure. 
An exploratory laparotomy with wedge resection of the stomach and 
colon was performed. 

Case 3. T.A., a 51-year-old Caucasian man, was admitted to Harper 
Hospital on February 20, 1973, with complaints of severe abdominal pain 
associated with vomiting of 6 weeks duration. The description of the 
patient’s vomitus was suggestive of fecal matter. The patient denied any 
history of peptic discomfort or gastrointestinal malignancy. The patient 
admitted to aspirin and prednisolone intake for three years prior to 
admission for ‘‘rheumatoid arthritis." The amount of prednisolone on 
the average was 20 mg per day. Aspirin intake varied between 2 to 3 
gm/day. The patient had lost 10 pounds prior to admission. 

The physical examination was initially unremarkable. The patient 
appeared fairly well nourished but somewhat pale. Abdominal examina- 
tion revealed minimal tenderness in the epigastrium with no palpable 
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Fic. 2. (Case 3). Upper gastrointestinal series showing gastrocolic fistula 
(arrow shows fistulous tract). 
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Fic. 3. (Case 4). Upper gastrointestinal series revealed barium flowing 
into the colon directly from the stomach (arrow shows the greater 
curvature antral deformity which was the site of the fistula). 


masses. Spleen, liver and kidneys were normal. Bowel sounds were 
normal. Rectal examination was within normal limits. 

Laboratory examination revealed a hemoglobin of 12.1 gm/100 ml, 
normal white cell count and differential 6,800, neutrophil 78%, 
lymphocytes 20% and monocytes 2%; urinalysis was normal: SMA,» was 
normal. Upper gastrointestinal series suggested a possible gastrocolic 
fistula and this was confirmed by a barium enema which revealed a 
fistulous tract between the stomach and the colon. Gastroscopy revealed 
an ulcer in the mid-stomach of the greater curvature aspect which 
endoscopically appeared to be benign. Cytology and biopsies were 
obtained and these did not reveal any malignancy. A colonoscopy also 
confirmed the possibility of fistulous tract at the mid-transverse colon but 
no attempt was made to pass the colonscopy through the fistulous tract. 
Cytological and biopsy specimen failed to reveal any evidence of 
malignancy. The patient was subjected to an exploratory laparotomy in 
March, 1973, at which time a gastrocolic fistula was demonstrated. A 
Segmental colonic resection with hemigastrectomy and an end to end 
anastomosis of the colon was done. The pathologic examination 
confirmed the preoperative impression of benign gastric ulcer with 
gastrocolic fistula. The patient had an uneventful postoperative course. 

Case 4. F.F., a 40-year-old woman, was admitted to William Beaumont 
Hospital on October 14, 1973, with a chief complaint of diarrhea of 8 
weeks duration. The patient gave a history of "stomach ulcer" which 
was diagnosed in March, 1973 at which time a gastroscopy revealed an 
ulcer in the greater curvature aspect of the antrum which appeared to be 
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healing. The ulcer appeared benign endoscopically and was benign 
cytologically. The patient was placed on intensive antacid therapy and 
the peptic symptoms disappeared within a few weeks. Eight weeks prior 
to admission, the patient abruptly started having diarrhea 4 to 5 times a 
day, occurring immediately after eating. The patient consulted a 
physician and was placed on Lomotil which did not stop the diarrhea and 
in the period of 6 weeks, the patient lost 8 pounds. The patient was 
hospitalized and a barium enema was performed on October 12. 1973. 
revealing a gastrocolic fistula in the area of the previous gastric ulcer. An 
upper gastrointestinal series done after hospitalization revealed possible 
filling defect in the region of the greater curvature of the stomach with 
fistulous tract between the stomach and the transverse colon. The patient 
underwent surgery and a resection of the fistulous tract. including the 
colon and part of the stomach was accomplished. The pathological 
examination confirmed the existence of multiple benign gastric ulcers in 
the antrum and gastrocolic fistula secondary to perforated benign gastric 
ulcer. The patient had an uneventful postoperative course and was 
discharged home on October 17, 1973. 


Discussion 


Peptic ulcer disease is a rare cause of gastrocolic 
fistulae. The usual causes of gastrocolic fistula are cancer 
of the colon and stomach,’ post-traumatic,!! post- 
surgical, carcinoid tumor,’ ulcerative colitis,! perforated 
colonic diverticulum and intra-abdominal abscesses re- 
sulting in fistula.! A complete review of the literature!? 
revealed 26 patients with gastrocolic fistula resulting from 
benign peptid ulcer (Table 1) to which our 4 cases were 
added bringing the total number to 30. Peter and 
Benfield,'? in 1972 reviewed 24 cases, including 2 of their 
own, and over one-third of them had a history of steroid 
and/or aspirin intake. Two of their patients also had been 
taking excessive aspirin prior to developing gastrocolic 
fistula. Hoffman reported a case of gastrocolic fistula in 
1966 with a review of patients who had developed this 
complication while on cortisone intake.? Frieberger and 
co-workers! found an incidence of peptic ulcer to be 31% 
in a group of patients who were taking cortisone for 
various disorders. They also found gastric ulcers 6 times 
more common than duodenal ulcer in this group of 
patients on cortisone. All but two of the gastric ulcers 
were in the antrum and 8 of 28 ulcers in the antrum were in 
the greater curvature aspect. Patients on steroids seen to 
develop gastric ulcers more commonly in the greater 
curvature aspect. Interestingly, the three patients in our 
series who had been taking cortisone and aspirin had the 
ulcer in the greater curvature aspect which could be an 
ideal anatomic position for penetrating ulcer to lead to 
gastrocolic fistula. Even in the fourth patient who had not 
been taking any ulcerogenic drugs, the ulcer was located” 
in the greater curvature aspect. The minimal inflammatory 
reaction noted around the ulcer in our patients were again 
noted by other authors who made similar observations. 
Since both aspirin and corticosteroids are anti- 
inflammatory agents, probably they mask the symp- 
tomatology of the ulcer and also decreases the 
inflammatorv reaction associated with penetrating ulcer, 
thereby, leading to silent penetration into the adjacent 
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TABLE 1. Chronological Summary of Benign Gastroenteric Fistula From The English Literature ` 


Ulcerogenic 
Author Age & Sex Duration Drugs Fistula Operation 
Firth 51, M 8 mon None Gastrocolic Laparotomy 
Wilkie 32, M 10 yr None Gastrocolic 2-stage Procedure 
Bailey & Knoll ?, F ? None Gastrocolic ? 
Pein 5 weeks, ? None Gastrocolic Fistula excision 
Briggs & Boswell 58, M 6 mon None Gastrocolic & l-stage Procedure 
gastroduodenal 
Bosien & Tyson 45, M 6 yr Steroids Gastrocolic |-stage Procedure 
Bachman & 
Rogers 33, F | week Steroids Gastrocolic Fistula excision 
Gray 39, F 20 yr None Gastrocolic 3-stage 
Davey 72, F 24 yr None Gastrojejunal |-stage 
Swartz et al. 54, M 4 mon Steroids Gastrocolic & |-stage 
gastrojejunal 
Deshpande 56, F 2 yr None Gastrocolic & |-stage 
gastrojejunal 
Smith & Clagett 54, M 3 yr Aspirin Gastrocolic |-stage 
Lazar" 54, F 3 weeks None Gastrocolic |-stage 
Hoffman 49. F ? mon Steroids Gastrocolic |-stage 
Ganji et al. 65, M 2 weeks None Gastrocolic 2-stage 
Agus & Estrin 69, M 6 mon Steroids Gastrocolic |-stage 
Sterns & Bird 29, F 5 yr None Gastrocolic 
Dotson & Shu'ayb 52, F 2 yr None Gastrocolic |-stage 
Fishman et al. 64, M ? mon None Gastrocolic |-stage 
Blumen"! 52, F 2 mon None Gastrojejunocolic |-stage 
Ger et al. 58, F 5 mon Steroids Gastrocolic |-stage 
Friedman et al. 44, F 32 yr Narcotic Gastrojejunocolic |-stage 
Addiction 
Peter & Benfield 46. F 5 yr Aspirin Gastrojejunal |-stage 
Peter & Benfield 22, F 9 yr Aspirin Gastrocolic |-stage 
Broders 43, M 4 mon None Gastrocolic |-stage 
Broders 73, M 5 weeks None Gastrocolic |-stage 
Kumar et al. 48, M 4 mon Aspirin Gastrojejunocolic |-stage 
I2, F 4—5 weeks ACTH Gastrocolic |-stage 
5I, M 6 weeks Aspirin & Gastrocolic |-stage 
Prednisolone 
40, F 8 weeks None Gastrocolic |-stage 
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* |-stage excision of fistula and involved adjacent organs; 2-stage, colostomy, then resection of fistula and involved adjacent organs; 3-stage 
colostomy, resection of fistula and involved adjacent organ, then colostomy closure; fistula excision, excision of fistula and bowel closure only. 


viscus. Although, we are not certain about the exact 
mechanism, it is possible that the anti-inflammatory 
properties of these agents may have something to do with 
the formation of fistula in this group of patients. 

In our group of 4 patients, 3 had a history of significant 
ulcerogenic drug intake. All of our patients denied any 
acute onset of symptoms suggestive of penetration and/or 
perforation into the adjacent viscus. The usual age of 
occurence is in the fourth or fifth decade, although this 
condition has been described in infants.? 

The symptomatology is fairly typical in all patients 
except in one. Symptoms consist of vague peptic 
symptoms, fecal vomiting and fecal eructation. Duration 
of symptoms ranged from one month to four years. In 
some patients, abdominal mass was the initial sign. Loss 
of weight was noted in most of these patients and in one 
series, as high as 80% of the patients had loss of weight and 
30% of them had fecal eructation.* Anemia and malnutri- 
tion were associated findings as noted in our group of 
patients. 


The diagnosis was accomplished by barium enema, 
upper gastrointestinal and small bowel series; success rate 
of demonstrating this lesion was highest with barium 
enema. In one series, diagnostic accuracy of 9596 was 
achieved by barium enema, whereas, only 18-27% were 
diagnosed by oral barium swallow.'? Endoscopy cannot 
be relied upon as primary diagnostic tool in this entity, 
since one can miss the communication unless the fistulous 
orifice is big enough to be easily visualized. If the fistulae 
are small and narrow, this can be hidden between the 
gastric folds and can be easily missed. Once the diagnosis 
has been suspected by the barium enema, endoscopy 
serves as a useful purpose of actually visualizing the fistula 
and obtaining cytological and biopsy materials to clarify 
the nature of this communication. 

The therapy of this entity is primary excision and 
anastomosis.!? In the past, staged operations have been 
recommended with initial colostomy, but if the disease is 
not active, the primary excision may be accomplished 
without any significant increase in morbidity and mortal- 
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ity: If active inflammatory processes with peritonitis is 
present; a more conservative approach such as, staged 
procedure with initial colostomy may be indicated. 


References 


. Barter, K. W., Jr.; Waush; J. and Priestly, J. T.: Operation in 
One-Stage for Gastrojejunocolic Fistula. Surg. Clin. North Am., 
42:1443, 1963. 

. Broders, W. C. Bénign Gastrocolic Fistula, Report of Two Cases. 
Am. Suré., 39:3423, 1973. 

. Dickson, W. J.: Gastrolic Fistula. Canad. Med. Assoc. J., 
1928. 

; Frieberger, R. H., Kammerev, W. H. and Rijelis, A. L.: Peptic 
Ulcers in: Rheumatoid Patients Receiving Corticosteroid 
Therapy. Radiology, 71:542—547, 1958. : 

. Hoffman, R. D.: Gastrocolic Fistulà and Gastric Ulcer with 
Prolonged Glücocorticoid Therapy. JAMA, 195:6:493, 1966. 


18:272, 


KUMAR AND OTHERS 
6. 
7. 


12. 


13. 


. Schweitzer, 


* 
Ann. Surg. e August 1976 


Lowden, O..B. E.: Gastrojejunocolic Fistula. Br. J. Surg., 41:113, 
1963. 

Lynch, R. C. and Boese, J. L.: Carcinoic Tumor of Transverse 
Colon Complicated by Gastrocolic Fistula. Surgery, 38:3:600, 
1955. 


. Marshall, S. F. and Kund, H. J.: Gastrójejunocolic and Gastrocolic 


Fistula. Ann. Surg., 145:770, 1957. 


. Pein, N. K.: Neonatal Gastrocolic Fistula. Lancet, 2:53, 1948. 
. Peter, M. and Benfield, J.: Benign Gastroenteric Fistula and Aspirin 


Abuse. Arch. Suig., 104:787, 1972. 

R. J. and Osborne, M. P.: Gastrocolic Fistula 
Complicating Carcinoma: Report of a Case due to Carcinoma of 
Colon with Successful Resection. Am. J. Surg., 85:775, 1953. 

Smith, D. L. and Claggett, O. T.: Gastrocolic Fistula Secondary to 
Benign Ulcer. Report of a Case. Surgery, 58:634, 1965. 

Theony, R. H., Hodson, J. R. and Scudamore, H. H.: 
Roentgenologic Diagnosis of Gastrocolic and Gastrojejunocolic 
Fistulas. Am. J. Roentgen. Radium Ther. Nucl. Med., 38:876, 
1960. 


Pyogenic Liver Abscess Secondary to Asymptomatic 


sigmoid Diverticulitis 


MARC K. WALLACK, M.D.,* ARTHUR S. BROWN, M.D.,* ROBERT AUSTRIAN, M.D.,¢ WILLIAM T. FITTS, JR., M.D. 


A patient with multiple pyogenic abscesses in both lobes of the liver 
secondary to asymptomatic sigmoid diverticulitis i is presented. The 
rarity of this illness is noted. It is suggested that barium enema be 
performed in patients who present with pyogenic liver abscess of 
unknown etiology because of the association with asymptomatic 
sigmoid diverticulitis. 


p LIVER ABSCESS is now an uncommon occur- 


, 
i 
= 


rence.! Diverticulitis of the sigmoid colon as the 
source of hepatic abscess, moreover, is even more 
uncommon. Only 51 cases have been collected from the 
literature.” We are presenting the course of a patient 
whose illness began with symptoms and signs consistent 
with severe liver infection that proved at operation to be 
due to multiple abscesses involving both lobes of the liver. 
The unusual nature of the case is due to the fact that no 
obvious primary site of severe infection could be found at 
operation. There was a mass in the sigmoid colon but no 
signs of acute inflammation about it. Because this mass 
was the only abnormal finding, it was excised. Careful 
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sectioning of the specimen showed no gross evidence of 
pus, but microscopic examination did show both diver- 
ticula and veins filled with pyogenic material. There was 
no history of diverticulitis preceding the sudden onset of 
the liver abscess. The patient has done well for 2 years 
following drainage of the abscesses and resection of the 
mass in the sigmoid colon, and our presumption is that the 
liver abscesses came from the ‘‘occult’’ sigmoid diver- 
ticulitis. 


Case Report 


A.S., a 53-year-old Caucasian man, entered the Hospital of the 
University of Pennsylvania with the chief complaint of fever, weakness 
and ‘‘right-sided belly pain” of approximately 8 days duration. 

Eight days prior to admission, the patient developed a cold flush and 
malaise followed by fever to 39°. The patient was seen by his personal 
physician and administered broad spectrum antibiotics to combat the 
asymptomatic high fever. After 48 hours of drug therapy, however, the 
patient remained febrile. The patient was admitted to Mercer Medical 
Center in Trenton, N.J., complaining of fever, upper abdominal pain and 
loss of desire to smoke although accustomed to smoking 60 cigarettes 
daily. The white blood cell count was 19,600/mm? with 81 polymor- 
phonuclear cells and 10 band forms. Liver scan showed several hepatic 
defects thought to be compatible either with ‘‘multiple abscesses or 
metastatic carcinoma” (Fig. 1). i oe 
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Fic. 1. Liver scan with hepatic defects compatible with multiple 
abscesses or metastatic carcinoma. 


The patient was transferred to the Hospital of the University of 
Pennsylvania. On admission, the patient’s temperature was 39°, and the 
only pertinent physical finding was an extremely tender, soft liver edge 
palpated three finger breadths below the right costal margin. 

Laboratory studies were as follows: Hemoglobin 13.0 gm/100 ml; 
Hematocrit 40%; W.B.C. 9.8/mm? with 70 polymorphonuclear cells and 
| band form; Total bilirubin 2.40 mg/100 ml; with one minute index of 
1.36 mg/100 ml; Alkaline Phosphatase 27 I.U./L; SGOT 75 units: SGPT 
115 units. 

A liver scan showed the liver to be enlarged and studded with multiple 
spherical defects, especially in the apical portion of the right hepatic 
lobe, which was almost completely destroyed. Celiac arteriogram 
showed the liver to have multiple areas of radiolucency alternating with 
areas of hypervascularity compatible with either multicentric hepatoma 
or metastatic carcinoma. 

As a result of the 2 week history of continuing high fever refractory to 
antibiotics and a progressive course with no improvement or definitive 
diagnosis, the patient was taken to the operating room for an exploratory 
laparotomy. 

The liver edge extended 3 cm below the right costal margin. Multiple 
abscesses were identified throughout the right lobe of the liver. All the 
abscesses were unroofed and drained; and multiple cultures were taken. 
Further exploration of the abdomen revealed a mass in the rectosigmoid 
colon with some pericolonic inflammation. The inflammed portion of the 
sigmoid colon was resected. The pathologic specimens showed the liver 
to have numerous abscesses (Fig. 2). Sections of the sigmoid colon 
revealed numerous diverticula. Some of the diverticula showed a marked 
acute inflammatory reaction with abscess formation (Fig. 3). 

The pus cultured at surgery yielded Enterobactor aerogenes and 
Pseudomonas aeruginosa, both sensitive to gentamicin, carbenicillin 
and cephalothin. The patient was treated with all 3 antimicrobial drugs in 
the following doses: 70 mg of gentamicin intramuscularly every 8 hours; 
2 g of carbenicillin intravenously every 3 hours and 2 g of cephalothin 
intravenously every 6 hours. The patient received all 3 drugs for 5 weeks. 
During that time, the patient’s white blood cell count and liver function 
studies returned to normal levels, but the liver scan continued to show 
rather large defects in the right hepatic lobe. 
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On the 35th postoperative day, antibiotic therapy was discontinued. 
The patient remained afebrile for 3 days and then developed fever to 39*. 
Cultures taken from the right upper quadrant drain sites consistently 
grew Enterobactor aerogenes sensitive to cephalexin. The patient was 
treated orally with 500 mg of cephalexin 4 times a day and remained 
afebrile in the hospital for 14 days. On the 54th postoperative day the 
patient was discharged on the same cephalexin. There was no definite 
change in the liver scan at the time of discharge. 


Comments. Diverticulitis of the sigmoid colon is an 
uncommon source of liver abscess. In 1906 Whyte? first 
reported a case of suppurative sigmoid diverticulitis with 
liver abscess. In 1973, Lin?* reported 2 cases of liver 
abscess complicating sigmoid diverticulitis and only found 
48 additional cases documented in the world's literature. 
Ribando and Ochsner” further emphasized the relative 
infrequency of the problem when they reported that from 
1951 to 1971 a total of 40 patients with primary intrahepatic 
abscess were treated at the Ochsner Foundation Hospital 
in New Orleans, Louisiana. In this period there were 
203,347 hospital admissions. In only 1 of the 40 patients 
was sigmoid diverticulitis considered the cause of the liver 
abscesses. 
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Fic. 3. Diverticula with abscess formation. 


The major symptoms and signs of liver abscess are 
fever, chills, jaundice, enlarged tender liver, and 
leukocytosis. Symptoms and signs of the sigmoid colon 
disorder are infrequent, for most cases have a silent 
primary lesion.?* The problem is how to discover the silent 
sigmoid lesion. 

Our patient presented with the classic signs of pyogenic 
liver abscess but had no signs or symptoms of sigmoid 
diverticulitis. The evidence for the abscesses in the right 
lobe of the liver being secondary to sigmoid diverticulitis 
was good, for the only recognized possible site of primary 
infection was the suppurative sigmoid diverticulitis 
discovered at laparotomy. 

. Therefore, it is important to be aware of sigmoid 
diverticulitis as a possible cause of liver abscess in 
patients who present with fever, jaundice, enlarged tender 
liver and no history of colon disorders. The liver abscess 
can be diagnosed by liver scanning, hepatic arteriography, 
percutaneous aspiration of pus and laparotomy. Further- 
more, since asymptomatic sigmoid diverticulitis can cause 
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liver abscesses, all patients who present with the triad of 
fever, jaundice and an enlarged tender liver should 
probably have a barium enema to rule out this possibility. 
Once the diagnosis is considered, proper treatment should 
include prompt incision and drainage of the large 
abscesses, resection of the locally inflammed sigmoid 
colon and administration of high doses of antibiotics based 
on the cultures of pus obtained at surgery. 
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Book Reviews 


Current Surgical Diagnosis and Treatment. J. Englebert 
Dunphy. Second edition, 1,123 pages, $15.00. Califor- 
nia, Lange Medical Publishers, 1975. 


IN THE OPINION of the reviewer, this surgical text ac- 
complishes its purpose by effectively providing medical 
students, residents, and physicians with the essential and 
recent developments in all fields of Surgery. Further, it 
provides a body of knowledge that could be considered 
an essential minimum for practicing surgeons. Doctors 
Dunphy and Way have carefully selected their contribut- 
ing authors, mostly from the San Francisco area, and 
have succeeded in the editing that is required to meld 
each chapter into the whole. For those who know Doctor 
Dunphy they will recognize his personal touches. There 
is just a trace of the original Homans’ Textbook of 
Surgery, which may evoke some nostalgia for those who 
remember this great text. The reference material is excel- 
lent and compensates for the brevity and the necessary, 
almost catalog-like review of many uncommon entities. 
Perhaps some day a text will be written which catalogs 
the common and treats the uncommon entities in depth. 
For cost, weight, and volume economy the print is small 
but well chosen and spaced in double columns, rendering 
reading easy and efficient. There are remarkably few 
printing and editorial errors. This volume contains a 
wealth of up-to-date material, and the next edition would 
benefit from a specific chapter on recent developments in 
immunobiology, particularly where they overlap in the 
areas of transplantation, oncology, and inflammation. In 
summary, this new edition is a splendid contribution to 
the surgical literature. 

JOHN SCHILLING, M.D. 


Pulmonary Pathology Decennial 1966-1975: Sheldon C. 
Sommers, Ed., $23.50; 594 pp. New York, Appleton- 
Century-Crofts, 1975. 


THIS BOOK is a collection of the chapters on pul- 
monary pathology which have appeared in Pathology 
Annual during the past 10 years. The authors of most 
of the chapters, especially those published in earlier 
years, have provided addenda bringing their coverage 
of evolving concepts up to date including 1974 literature 
references. 

Topics covered range from an exquisite presentation 
of pulmonary microstructure, including details of lym- 
phatic structure and function, through perinatal problems, 
infectious diseases (opportunists and fungi), pneumoco- 
nioses, obstructive lung disease (emphysema, bronchitis, 
asthma), to neoplasia. It even includes more than a 
page of amateur poetry. 

In general each topic is well covered and the literature 


reviews are thorough. In most chapters the extensive ~~ 


literature quoted is organized and digested so that the 
author’s synthesis of integrating concepts can be 
evaluated by the reader and either accepted or re- 
jected. In other chapters, especially the one on 
neoplasia, references are quoted in support and in 
negation of almost every concept discussed. Many of the 
references are to individual case reports and to 
anecdotal comments in discussion of papers at symposia. 
The only conclusion reachable from this chapter would 
be that virtually every conceivable variant of tumor 
biology and response to therapy has occurred and been 
reported at least once. Even the interpretation of 
tumors is in flux and this has resulted in the re- 
ported frequency of the squamous cell type, for example, 
varying from as little as 4.9 to 61.2%. 

The major deficiency of omission in this compendium 
is the lack of a chapter devoted to the diffuse in- 
terstitial fibrosing diseases. In the main, however, the 
book is well conceived, the topics are well covered, and 
many unifying concepts are proposed. It will be of 
great value to pathologists in residency and in practice 
and to others dealing with pulmonary disease, especially 
any who do not already have the 10 year collection 
of Pathology Annual in their libraries. 

PHiLIP PRATT, M.D. 


Chest Injuries: G. Keen, 186 pp. Year Book Medical 
Publishers, 1975. 


THIS MONOGRAPH of less than 200 pages attempts to 
outline basic pathophysiology and initial management of 
traumatic chest injuries. This is accomplished in part. 
The 18 chapters review the various organs and systems 
that are involved in chest injury and are well done for a 
book of this size. The bibliography is adequate. The 
major strength of this work lies in the emphasis on 
basic principles which will help avoid incorrect diagnoses 
and mismanagement of chest injury. The general prin- 
ciples and points of management emphasized are good 
and are applicable both to hospitals with sophisticated 
trauma services and to hospitals where treatment of 
trauma is not the major part of their Emergency Room 
practice. The text emphasizes approaching the patient 
in a direct and orderly way so that all possible diag- 
noses applicable to the injured patient are investigated, 
leading to appropriate treatment of the injuries. This is 
especially true of patients who have survived serious 
life threatening injuries such as are indicated in chapter 
17, "Closed Injuries of the Thoracic Aorta." 

In summary, this book will best serve young house of- 
ficers, nurses, and paramedical personnel who work in 
emergency rooms. 

WALTER G. WOLFE, M.D. 
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Spend a minute with this pre-review quiz 


Circle the appropriate letter to answer the questions below. Correct answers appear 
on the next page at the end of the Quick Review of Injectable Valium. 


1 e Injectable Valium (diazepam) has 4 « When Injectable Valium (diazepam) 
specific application for anxiety: I.V. is used as an adjunct prior to endo- 
as a premedicant to elective scopic procedures, narcotic dosages 
cardioversion and surgery should be: 
as an adjunct prior to endoscopic maintained 
procedures reduced by at least one-third and in 
all of the above some cases may be eliminated 
increased as needed and tolerated 
by the patient 
2 e Administered I.V., prior to elective 
cardioversion or endoscopic procedures, 5 
Valium produces anterograde amnesia of e Lower doses of Injectable Valium 
short duration. (usually 2 mg to 5 mg) should be used: 
True for the elderly and debilitated 
False when the I.M. route is chosen 


for traumatized patients 


5 « Injectable Valium should not be 


mixed or diluted with other solutions, 6 e Valium does not interact with oral 
fluids or drugs. anticoagulants and does not potentiate 
Trae or reduce succinylcholine requirements. 
False True 

False 
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o m ". f ee reduced by at least one-third and in some cases may be 
Adverse reactions: Parenteral Valium is omitted. (See “Precautions” in summary of product 
nerally well tolerated and rarely affects vital signs; information.) 


ver, I. V. administration should be performed à r — 
ously. (See section on *Elderly.") Injection-site Interaction with other drugs: Injectable 
and occasional phlebitis can occur. The most Valium is used with most classes of primary medica- 
ommon side effects of Valium include drowsiness, tions such as cardiac glycosides, diuretics, vasodila- 
tigue and ataxia. These may occur more frequently tors, anticholinergics, anticoagulants and antacids. 
Ider patients or at higher dosage levels. (For com- Studies have shown Valium does not interact with oral 
te list of adverse reactions, see summary of product anticoagulants and does not potentiate or reduce 
yrmation on following page.) succinylcholine requirements. But, if Valium is used 
with other psychotropics or anticonvulsant drugs, 


anxiety: Valium is one of the most widely possible potentiation of CNS depression must be con- 
spected antianxiety agents available. Used in the sidered. Valium has produced hypotension or muscu- 
ital, Injectable Valium isa useful premedication lar weakness in some patients, particularly when used 
the relief of anxiety and tension in patients who with narcotics, barbiturates or alcohol. (See ““Precau- 
to undergo surgical procedures or cardioversion. tions.”) It should not be mixed or diluted with other 


lso a valuable adjunct in endoscopic procedures, ^ drugs or solutions, or added to I.V. fluids. 


prehension, anxiety or acute stress reactions are 
ant. Muscle relaxant: Injectable Valium is a valu- 


^" EPA TEM E able adjunct for relief of skeletal muscle spasm due to 
lloversion: Injectable Valium is adminis- reflex spasm to local pathology such as inflammation 

V. for anxiety at about 5 mg/min. until dys- of muscles or joints or secondary to trauma. It is con- 
i is evident. The usual dose is between 10 to sidered by many physicians to be one of the most 


, but a few patients may require more. Following useful muscle relaxants available 
version, the patient usually does not remember 
ae 5 x. Harmful hemodynamic effects are rare, Preoperative use: As useful premedication to 
on in the presence of cardiac or pulmonary disease. ^ relieve preoperative anxiety and tension, Injectable 
ee section on “Elderly.”) Valium should be administered (preferably 10 mg 
Sage: Dosage should be individualized for opti- — LM) just prior to surgery. When other premedica- 
benefit. Depending on the indication and its tions are used with Valium, they must be administered 
erity, the usual recommended dose ranges from 2 in separate syringes. 
mg I.M. or I.V. In acute conditions, the injection 
|y be repeated within one hour, although an interval 
3 to 4 hours is usually satisfactory. Lower doses 
lly 2 to 5 mg) and slow increments should be used 
Iderly or debilitated patients and when sedatives 
ied. (See summary of product information.) 


Suppression of recall: Ability to produce 
anterograde amnesia from the time of injection is an 
important property of Injectable Valium. Adminis- 
tered I.V., Valium usually produces rapid onset of 
anterograde amnestic effects of short duration. When 
itis given just before passage of an endoscopic instru- 


arly: Lower doses should be used in elderly or ment, few patients recall the procedure. Given prior 
tated patients (usually 2 mg to 5 mg). Doses to elective cardioversion, it has caused amnesia in 


d be limited to the smallest effective amounts. most patients. 
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Injectable Valium (diazepam) | 


Before prescribing, please consult complete product 
information, a summary of which follows: 

Indications: Tension and anxiety states; somatic 
complaints which are concomitants of emotional factors; 
psychoneurotic states manifested by tension, anxiety, 
apprehension, fatigue, depressive symptoms or agitation; 
symptomatic relief of acute agitation, tremor, impending or 
acute delirium tremens and hallucinosis due to acute 
alcohol withdrawal; adjunctively in: relief of skeletal muscle 
spasm due to reflex spasm to local patho-‘ogy; spasticity 
caused by upper motor neuron disorders: athetosis; 
stiff-man syndrome; tetanus; status epilepticus and severe 
recurrent seizures; adjunctively i in anxiety, tension or acute 
stress reactions prior to endoscopic and surgical 
procedures; cardioversion. l 

Contraindicated: In infants; in patients with known 
hypersensitivity to the drug; in acute narrow angle 
glaucoma; may be used in patients with open angle 

glaucoma receiving appropriate therapy. 

Warnings: When used I.V., the following procedures 
should be undertaken to reduce the possibility of venous 
thrombosis, phlebitis, local irritation, swelling, and, rarely; 
vascular impairment. Inject slowly, taking at least one 
minute for each 5 mg (1 ml) given; do not use small veins, 
i.e., dorsum of hand or wrist; extreme care should be taken 
to avoid intra-arterial administration or extravasation. Do 
not mix or dilute with other solutions or drugs; do not add to 
LV. fluids. 

Administer with extreme care to elderly or very ill and 
those with limited pulmonary reserve because of possibility 
of apnea and/or cardiac arrest; have resuscitative facilities 
available. When used with narcotic analgesic eliminate or 
reduce narcotic dosage at least 1⁄3, administer in small 
increments. Should not be administered to patients in 
shock, coma, acute alcoholic intoxication with depression 
of vital signs. As with most CNS-acting drugs, caution 
against hazardous occupations requiring complete mental 
alertness (e.g., operating machinery, driving). Advise 
against simultaneous ingestion of alcohol and other CNS 
depressants. Withdrawal symptoms (similar to those with 
barbiturates and alcohol) have occurred following abrupt 
discontinuance (convulsions, tremor, abdominal and 
muscle cramps, vomiting and sweating). Keep 
addiction-prone Individuals under careful surveillance 
because of their predisposition to habituation and 
dependence. In pregnancy, nursing women or women of 
childbearing potential, weigh expected benefit against 
possible hazard to mother and child. Not recommended 
for OB use. 

Precautions: |f combined with other psychotropics or 
anticonvulsants, carefully consider individual pharmaco- 
logic effects— particularly with known compounds which 
may potentiate action of Valium (diazepam), /.e., pheno- 
thiazines, narcotics, barbiturates, MAO inhibitors and 
other antidepressants. Protective measures indicated in 
highly anxious patients with accompanying depression 
who may have suicidal tendencies. Observe usual 
precautions in impaired hepatic function; avoid accumu- 
lation in patients with compromised kidney function. 
Laryngospasm and increased cough reflex are possible 
during peroral endoscopic procedures; use topical anes- 
thetic and have necessary countermeasures available. 
Hypotension or muscular weakness possible, particularly 
when used with narcotics, barbiturates or alcohol. Use 
lower doses (2 to 5 mg) for elderly and debilitated; 
safety and efficacy in children under 12 not established. 

Adverse Reactions: Drowsiness, fatigue, ataxia, 


venous thrombosis and phlebitis at injection site, 
confusion, depression, dysarthria, headache, hypoactiv ly, 
slurred speech, syncope, tremor, vertigo, constipation, 
nausea, incontinence, changes in libido, urinary retention, 
bradycardia, cardiovascular collapse, hypotension, blurred 
vision, diplopia, nystagmus, urticaria, skin rash, hiccups, 
changes in salivation, neutropenia, jaundice. Paradoxical 
reactions such as acute hyoerexcited states, anxiety, 
hallucinations, increased muscle spasticity, insomnia, 
rage, sleep disturbances and stimulation have been 
reported; should these occur, use of the drug should be 
discontinued. Cough, depressed respiration, dyspnea, 
hyperventilation, laryngospasm and pain in throat and 
chest have béen reported in peroral endoscopic 
procedures. Isolated reports of neutropenia, jaundice; 
periodic blood counts and liver function tests advisable 
during long-term therapy. Minor EEG changes, usually 
low-voltage fast activity, of no known significance. 

Dosage: Usual initial adult dose is 2 to 20 mg I.M. or 
l.V., depending on indication and severity. Larger doses 


. may be required in some conditions (tetanus). In acute 


conditions injection may.be repeated within 1 hour, 
although interval of 3 to-4 hours is usually satisfactory. — 
Lower doses (usually 2 to 5 mg) with slow dosage Increase 
for elderly or debilitated patients and when sedative drugs 
are added. (See Warnings and Adverse Reactions.) 

I.M. use: by deep injection into the muscle. 

l.V. use: inject slowly, take at least one minute for each 
5 mg (1 ml) given. Do not use small veins, i.e., dorsum of 
hand or wrist. Use extreme care to avoid intra-arterial . 
administration or extravasation. Do not mix or dilute with 
other solutions or drugs; do not add to I.V. fluids. i 

Moderate psýchoneurożic reactions, 2 to 5 mg I.M. or 
I.V. and severe psychoneurotic reactions, 5 to 10 mg I.M. 
or I.V., repeat in 3 to 4 hours if necessary; acute alcoholic 
withdrawal, 10 mgl.M. or I. V. initially, then 5 to 10 mg in 3 
to 4 hours if necessary; muscle spasm, 5 to 10 mg I:M. or 
LV. initially, then 5 to 10 mg in 3 to 4 hours if necessary 
(tetanus may require larger doses); status epilepticus, 
severe recurrent convulsive seizures, 5 to 10 mg I.M. or LV. 
initially, repeat in 2 to 4 hours if necessary. In endoscopic 
procedures, titrate !.V. dosage to desired sedative 
response, generally 10 mg or less but up to 20 mg (if 
narcotics are omitted) immediately prior to procedure; if 
I.V. cannot be used, 5 to 10 mg I.M. approximately 30 
minutes prior to procedure. As preoperative medication, 

10 mg I.M.; in cardioversion, 5 to 15 mg I. V., within 5 to 10 
minutes prior to procedure. Once acute symptomatology 
has been properly controlled with injectable form, patient 
may be placed on oral form if further treatment is required. 

Management of Overdosage: Manifestations include 
somnolence, confusion, coma and diminished reflexes. 
Monitor respiration, pulse, blood pressure; employ general 
supportive measures, l.V. fluids, adequate airway. Use 
levarterenol or metaraminol for hypotension, caffeine and 
sodiumi benzoate for CNS-depressive effects. Dialysis is of 
limited value. 

Supplied: Ampuis, 2 ml, boxes of 10; Vials, 10 mi, 
boxes of 1; Tel-E-Ject? (dispcsable syringes), 2 ml, boxes 
of 10. Each ml contains 5 mg diazepam compounded with 
40% propylene glycol, 10% ethyl alcohol, 5% sodium 
benzoate and benzoic acid as buffers, and 1.5% benzyl 
alcohol as preservative. 
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The Pleur-evac Balanced Drainage Unit affords these advantages following 
pneumonectomy: 


1) Maintains the mediastinum in a physiologically optimal position. 


2) Can effect satisfactory drainage in the presence of infection or 
contamination. 


3) Indwelling thoracotomy tubes permit frequent and painless instillation of 
appropriate antibiotics. 


4) Permits prompt and often life-saving recognition of catastrophic bleeding. 
5) Does not impair the efficiency of the cough mechanism. 


6) May enable the avoidance of empyema by maintaining as dry a 
pneumonectomy space as possible. 


7) Eliminates the problems inherent in the use of the classic ‘‘3-Bottle”’ 
system, such as: 


e Severely limited postoperative ambulation. 
e Hazards of bottle breakage. 
e Danger of incorrect bottle setup. 


e Possibility of contralateral pneumothorax if 
intrapleural pressure is adjusted manometrically. 


e Risks of detached tubing. 
PLEDGED TO 


N.B.: Subcutaneous emphysema may be caused by redundant CONTINUING RESEARCH 
loops with resultant increase in pressure. IN CHEST DRAINAGE 


For a demonstration at your hospital, contact your local representative or write: 


Division of Deknatel, Inc. KRALE 


Queens Village, New York 11429 





ANTISEPTIC 
SECURITY. 


O Chosen by NASA for decon- 
tamination of lunar capsules 
in Apollo splashdowns and 
for disinfection in the 

Skylab mission 


D Demonstrated in the hos- 
pital, clinic, office, home, 
on skin, mucosa, wounds, 
burns 


O Documented in hundreds 
of published studies, in thou- 
sands of procedures, in close 
to abillion applications for 
routine antisepsis, in protect- 
ing physicians, nurses, 
patients 
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BROAD-SPECTRUM MICROBICIDAL 
TIME SAVERS 


ETADINE “disposables” 


BETADINE “disposables” provide the broad-spectrum microbicidal action of 
BETADINE Microbicides in convenient disposable units. They are virtually nonirritating 
to skin and mucosa and do not stain skin and natural fabrics. 


Ready-to-use, BETADINE “disposables” save time required to saturate mate- 
rials with antiseptic, or to apply small quantities from large containers. Purdue Frederick 
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Ready-to-use, premeasured “disposables” 


. For preoperative scrubbing For degerming small skin areas, : Y 
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for fast relief of severe pain.. 
with Maalox’ protection. 


No. 2—X4 Grain Codeine Tablets 
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no phenacetin—no caffeine 


Two dosage strengths: 


NOMME Io: ee 
⁄ grain (16.2 mg.) Codeine Phosphate 


No. 3 Tablet— 
^ grain (32.4 mg.) Codeine Phosphate 


...both with five grains of 
Maalox-protected aspirin. 


Ascriptin? an excellent analgesic, anti- 
pyretic, and anti-inflammatory, combined 
with codeine to give effective relief from 
severe pain with minimal aspirin-induced 
gastric distress. Ascriptin with Codeine 
contains no phenacetin or caffeine. Each 
tablet contains Maalox" (magnesium- 
aluminum hydroxide) 150 mg. 


Indication: As an analgesic for the relief of pain of all 
degrees-of severity up to that which requires morphine. 


Side Effects: Side effects are rare. Nausea, constipation 
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Warning—may be habit forming. 

Usual Adult Dose: Ascriptin with Codeine No. 2 (% grain) 
Two tablets every 3 or 4 hrs. when necessary. 


Ascriptin with Codeine No. 3 (% grain): One or two 
tablets every 3 or 4 hrs. when necessary. 
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Virtually complete absorption 
in GI disorders 


Less than 100 cm of functioning jejunum is usually all GI patients 
need for virtually total absorption of the complete nutrition 
Vivonex HN provides? because Vivonex HN is formulated with 
free amino acids, simple carbohydrate and low fat, and requires 
virtually no active digestion. Negligible residue keeps the bowel 
essentially at rest. 

Vivonex HN is useful in the nutritional management of pro- 
tein-calorie malnutrition, which occurs frequently in patients with 
ulcerative colitis, acute granulomatous disease of the small or 
large intestine, carcinoma, intestinal atresia in infants, malab- 
sorption syndrome, fistulas, short-gut syndrome, pancreatitis, 
and Crohns disease. 

Moreover, Vivonex HN reduces biliary, pancreatic and 
intestinal secretions. It may be administered orally or via enteral 
catheter. It may also be used to fortify traditional clear liquid 
regimens, as an enteral alternative to parenteral alimentation, 
and as an adjunct to routine parenteral glucose and fluid. 


For the nutritional management of 
protein-calorie malnutrition 


® HIGH 
NITROGEN 
POWDER 


free amino acid...complete enteral nutrition 
minimal digestion... maximal absorption 


Supplied unflavored in boxes containing ten 80-gram packets. 
Each packet provides 300 kcal. Ten packets provide 3,000 kcal, 
20 gm usable nitrogen (125 gm usable protein), and a full day's 
balanced nutrition. 


Flavor with Vivonex Flavor Packets 
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Board considers only papers judged to offer sig- 
nificant contributions to the advancement of 
surgical knowledge. 


CONTRIBUTIONS. Four typed copies of the 
manuscript and four copies of the illustrations 
should be sent prepaid to the Chairman of the 
Editorial Board of ANNALS OF SURGERY: 


David C. Sabiston, Jr, M.D. 
Annals of Surgery 
Department of Surgery 
Duke University Medical Center 
Durham, North Carolina 27710 


Manuscripts and references should be typed 
double spaced on one side of 8% x 11 paper 
leaving wide margins. Authors should retain a 
complete copy of the manuscript including illus- 
trations in the event that the manuscripts are lost 
in the mail. A complete address for reprint re- 
quests should be included on the title page to- 
gether with the name of the institution from 
which the work is being published. 

An abstract of not more than 200 words should 
be placed at the beginning of the manuscript. It 
should accurately reflect the paper and provide 
readers with a reliable impression of the contents 
and conclusions of the work. 

Digits one to ten should be spelled out, ex- 
cept when used for units of measurement (time, 
weight, volume, dosage, degrees) percentage, or 
when decimals are involved; for numbers above 
ten, numerals should be used. Dorland's Medical 
Dictionary and Webster's International Diction- 
ary may be used as standard references. Scientific 
names for drugs should be used when possible. 
Copyright or trade names of drugs should be cap- 
italized. Units of measurement should be ex- 
pressed in the metric system. Temperature should 
be expressed in degrees centigrade. All contribu- 

‘tions should be submitted in English. 
. - Black and white illustrations will be repro- 
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the number supplied. Color illustrations will be 
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name and the title of the article in brief appear 
on the back. A separate typewritten sheet of 
legends for the illustrations should be supplied. 
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should appear at the end of the manuscript with 
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the manuscript. The list of references should be 
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under unusual circumstances. References should 
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*susceptible strains of indicated organisms 


Indications: Primarily for treatment of infections due to susceptible strains of 
Pseudomonas aeruginosa, Proteus species (particularly indole-positive 
strains), and certain Escherichia coli. Clinical effectiveness has been demon- 
strated in the following infections when due to these organisms: Severe 
systemic infections and septicemia; genitourinary tract infections including 
those due to We/sseria gonorrhoeae, Enterobacter, and Streptococcus 
faecalis (enterococcus): acute and chronic respiratory infections (though clini- 
cal improvement has been shown, bacteriologic cures cannot be expected in 
patients with chronic respiratory disease and cystic fibrosis); soft-tissue infec- 
tions. Also indicated in the following infections due to susceptible anaerobic 
bacteria: Septicemia; lower respiratory tract infections such as empyema, 
anaerobic pneumonitis and lung abscess; intra-abdominal infections such as 
peritonitis and intra-abdominal abscess (typically resulting from anaerobic 
organisms resident in the normal gastrointestinal tract); infections of the 
female pelvis and genital tract such as endometritis, pelvic inflammatory dis- 
ease, pelvic abscess and salpingitis; skin and soft-tissue infections. 
Although indicated primarily in gram-negative infections, activity against gram- 
positive organisms should be kept in mind when both gram-positive and gram- 
negative organisms are isolated (see Actions). 

In infections due to certain susceptible strains of Ps. aeruginosa, clinical 
efficacy may be enhanced by combined therapy with gentamicin sulfate in full 
therapeutic dosages (see gentamicin sulfate package insert). 

NOTE: During therapy sensitivity testing should be repeated frequently to detect 
the possible emergence of resistant organisms. 

Actions: Organisms found to be susceptible /n vitro include: GRAM-NEGATIVE 
ORGANISMS — Ps. aeruginosa, Proteus mirabilis, Pr. morgani, Pr. rettgeri, 
Pr. vulgaris, E. coli, Enterobacter spp, Salmonella spp, Hemophilus in- 
fluenzae, Neisseria spp, Bacteroides spp, and Fusobacterium spp. 
GRAM-POSITIVE ORGANISMS — Staphylococcus aureus (non-penicillinase 
producing), Staph. albus, Diplococcus pneumoniae, beta-hemolytic strep- 
tococci, Str faecalis, Clostridium spp, Peptococcus spp, and Peptostrep- 
tococcus spp. 

In vitro synergism between Geopen and gentamicin sulfate has 
been demonstrated for certain strains of Ps. aeruginosa. 

Some newly emerging pathogenic strains of Here//ea, Mima, 
df iE and Serratia have also shown /n vitro suscep- 
tibility. 

Not stable in the presence of penicillinase. Most K/ebs/e//a 
species are resistant. Some strains of Pseudomonas have 
developed resistance fairly rapidly. 

Contraindications: Known penicillin allergy. 

Warnings: Serious and occasional fatal hypersensitivity 
(anaphylactic) reactions have been reported in patients on 
penicillin therapy. These reactions are more apt to occur in in- 
dividuals with a history of sensitivity to multiple allergens. 
Observe patients with renal impairment for bleeding manifesta- 
tions and adhere strictly to dosage recommendations; if bleeding 
manifestations appear, discontinue antibiotic and institute ap- 
propriate therapy. 

Individuals with history of penicillin hypersensitivity reactions 
have experienced severe hypersensitivity reactions when treated 





with a cephalosporin. Before therapy with a penicillin, careful inquiry should be 
made concerning previous hypersensitivity reactions to penicillins, 
cephalosporins, and other allergens. If an allergic reaction occurs, appropriate 
therapy should be instituted and discontinuance of carbenicillin therapy con- 
sidered, unless the infection is life threatening and only amenable to 
carbenicillin therapy. The usual agents (antihistamines, pressor amines, and 
corticosteroids) should be readily available. 

SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EMER- 
GENCY TREATMENT WITH EPINEPHRINE. OXYGEN AND INTRAVENOUS 
CORTICOSTEROIDS SHOULD ALSO BE ADMINISTERED AS INDICATED. 
Usage in Pregnancy: Safety for use in pregnancy has not been established. 
Precautions: As with any other potent agent, it is advisable to check 
periodically for organ-system dysfunction, including renal, hepatic, and hema- 
topoietic systems, during prolonged therapy. Emergence of resistant organisms, 
such as Klebsiella spp and Serratia spp, which may cause superinfection, 
should be kept in mind. Each gram contains 4.7 mEq sodium; in patients where 
sodium restriction is necessary, such as cardiac patients, periodic electrolyte 
determinations and monitoring of cardiac status should be made. In a few pa- 
tients receiving high doses, hypokalemia has been reported; periodic serum 
potassium determinations should be made and corrective measures should be 
implemented when necessary. As with any penicillin preparation, an allergic 
response, including anaphylaxis, may occur, particularly in a hypersensitive in- 
dividual. Cases of gonorrhea with a suspected primary lesion of syphilis should 
have darkfield examinations before treatment. In all other cases where concomi- 
tant syphilis is suspected, monthly serological tests should be made for a 
minimum of 4 months. 

Intramuscular injections should be made well within the body of a relatively 
large muscle (not into the lower and mid-third of the upper ai and aspiration 
is necessary to help avoid inadvertent injection into a blood vessel. Intravenous 
infusion should be given as slowly as possible. Reconstituted solution should 
be discarded after 24 hours if stored at room temperature, after 72 hours if 
refrigerated. The maximum recommended dose is 40 gm per day; 
intramuscular injections should not exceed 2 gm per injection. 
Adverse Reactions: Hypersensitivity Reactions— Skin rashes, 
pruritus, urticaria, drug fever, and anaphylactic reactions. Gastro- 
intestinal Disturbances—Nausea. Hemic and Lymphatic 
Systems—Anemia, thrombocytopenia, leukopenia, neutropenia, 
and eosinophilia. Blood, Hepatic, and Renal Studies—SGOT 
and SGPT elevations have been observed, particularly in children. 
To date, no clinical manifestations of hepatic or renal disorders 
have been demonstrated. CNS — Convulsions or neuromuscular ir- 
ritability could occur with excessively high serum levels. Other— 
Pain at the site of injection, rarely accompanied by induration; in 
uremic patients receiving high doses (24 gm/day), hemorrhagic 
manifestations associated with abnormalities of coagulation 
tests, such as clotting and prothrombin time. Vein Irritation and 
Phlebitis—Particularly when undiluted solution is injected 
directly into the vein. 

How Supplied: Available in 1-gm, 2-gm, 5-gm, and 10-gm vials. 
e prescribing or administering, see package circular 
or PDR. 


ROeRIG Pfizer} A division of Pfizer Pharmaceuticals New York, New York 10017 


Menopause: 





Surgical 





The sign... 


The scar is obvious, but the chief concern of every premenopausal 
woman facing bilateral oophorectomy is that somehow. suddenly, 
she must face what might have been years away: the symptoms of 
the menopause. 


For many women this fear is a real one, because Surgical removal 
of the ovaries may bring about the abrupt onset of menopausal 
symptoms: hot flushes, sweats, palpitations, globus hystericus, and 
other symptoms due to estrogen deficiency. Moreover, such 
symptoms are often more severe than those that accompany the 
gradual estrogen decline of the physiological menopause. 


Relief can be prompt. For most women. estrogen replacement 
with PREMARIN (Conjugated Estrogens Tablets, U.S.P.) can begin 
shortly after surgery—right in the hospital. PREMARIN can minimize 
the intensity and duration of vasomotor symptoms such as flushes 
and sweats, and help tide the patient over this distressing period of 
physiologic adjustment. 


Relief can be long-term. Continued on a cyclic basis after 
discharge, at minimum effective doses, PREMARIN may help retard 
or prevent many of the long-term sequelae of estrogen deprivation, 
particularly genital tissue atrophy and osteoporosis* 


PREMARIN. When the menopauseis premature...and when it isn't. 


*Conjugated Estrogens Tablets have been evaluated as probably effective for postmenopausal osteoporosis. 
See Prescribing Information. 
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BRIEF SUMMARY 

(For full prescribing information, see package circular) 
PREMARIN* Brand of 

CONJUGATED ESTROGENS TABLETS, U.S.P. 


Actions: Estrogens are responsible for development and 
maintenance of the female reproductive system and sec- 
ondary sex characteristics. They cause the growth and 
development of the vagina, uterus, and fallopian tubes, 
and enlargement of the breasts. Indirectly, they contribute 
to the shaping of the skeleton, maintenance of tone and 
elasticity of urogenital structures, changes in the 
epiphyses of the long bones that allow for pubertal growth 
spurt and termination, growth of axillary and pubic hair, 
and pigmentation of the nipples and genitals. Estrogens 
are also involved in psychologic and emotional aspects of 
feminine behavior. As estrogen levels increase during the 
menstrual cycle, there is a sense of vigor and well-being, 
and in the menopausal period estrogens aid in relieving 
nervous symptoms (e.g. anxiety, depression and ir- 
ritability) due to estrogen deficiency. Decline of estrogenic 
activity at the end of the menstrual cycle can bring on 
menstruation, although the cessation of progesterone se- 
cretion is the most important factor in the mature ovulato- 
ry cycle. However, in the pre- or non-ovulatory cycle, 
estrogen is the primary determinant in the onset of 
menstruation. Estrogens do not induce ovulation. 

Estrogens affect calcium and phosphorus metabolism, 
and are involved in maintenance of normal bone structure. 
In prolonged estrogen deficiency states, administration of 
estrogen acts to prevent associated bone degenerative 
changes. 

Estrogens appear to be responsible for the relatively 
greater amount of alpha-lipoprotein and correspondingly 
lower amount of beta-lipoprotein found in premenopausal 
women as compared with men 

Estrogens affect the release of pituitary gonadotropins 
and may also deplete the gonadotropic content of the 
pituitary. 






Indications: Based on a review of PREMARIN 
Tablets by the National Academy of Sciences— Na- 
tional Research Council and/or other information, FDA 
has classified the indications for use as follows: 

Effective: As replacement therapy for naturally oc- 
curring or surgically induced estrogen deficiency 
states associated with: the climacteric, including the 
menopausal syndrome and postmenopause; senile 
vaginitis and kraurosis vulvae, with or without pruritus. 
"Probably" effective: For estrogen deficiency-in- 
duced osteoporosis, and only when used in conjunc- 
tion with other important therapeutic measures such 
as diet, calcium, physiotherapy, and good general 
health-promoting measures. Final classification of 
this indication requires further investigation. 















Contraindications: Short acting estrogens are contrain- 
dicated in patients with (1) markedly impaired liver func- 
tion; (2) known or suspected carcinoma of the breast, ex- 
cept those cases of progressing disease not amenable to 
Surgery or irradiation occurring in women who are at least 
5 years postmenopausal; (3) known or suspected 
estrogen-dependent neoplasia, such as carcinoma of the 
endometrium; (4) thromboembolic disorders, throm- 
bophlebitis, cerebral embolism, or in patients with a past 
history of these conditions; (5) undiagnosed abnormal 
genital bleeding. 

Warnings: Three separate studies have reported an in- 
creased risk of endometrial carcinoma in association with 
the postmenopausal administration of exogenous 
estrogens. Smith et a/! retrospectively compared the 
records of 317 patients with endometrial carcinoma with 
the records of an equal number of contrast patients having 
cervical, ovarian, or vulvar neoplasms. The unadjusted 
relative risk estimate of endometrial cancer was 4.5 times 
greater in women exposed to estrogen therapy. The type of 
estrogen used, the preparation, and the dosage were not 
considered in this study. These factors may play a role in 
modifying the average relative risk found in this study. The 
authors also suggested that there may be a relationship 
between increasing risk and the duration of administra- 
tion; however, the data are not conclusive on this point. A 
second retrospective study reported by Ziel and Finkle2 
examined the records of 94 patients with endometrial car- 


cinoma and those of a two-fold contrast series from the 
same health plan population. The estimate of relative risk 
was found to be 7.6. In addition, the authors reported a 
relative risk estimate of 5.6 for a duration of exposure of 1 
to 4.9 years, and 13.9 for exposure of 7 or more years. In 
this study, conjugated estrogens were reported to be the 
type of estrogen used. Mack et a/? retrospectively studied 
63 cases of endometrial carcinoma and a four-fold con- 
trast group. The relative risk of endometrial carcinoma 
was estimated to be 8.0 for any estrogen usage, and 5.6 
for conjugated estrogen usage. The relationship between 
relative risk and duration of use could not be conclusively 
described from the data in the study 

Estrogen therapy should not be given to women with 
recurrent chronic mastitis or abnormal mammograms ex- 
cept, if in the opinion of the physician, it is war- 
ranted despite the possibility of aggravation of the 
mastitis or stimulation of undiagnosed 
estrogen-dependent neoplasia 

The physician should be alert to the earliest manifesta- 
tions of thrombotic disorders (thrombophlebitis, retina! 
thrombosis, cerebral embolism and pulmonary embolism). 
If these occur or are suspected, estrogen therapy should 
be discontinued immediately. 

Estrogens may be excreted in the mother's milk and an 
estrogenic effect upon the infant has been described. The 
long range effect on the nursing infant cannot be deter- 
mined at this time 

Hypercalcemia may occur in as many as 15 percent of 
breast cancer patients with metastases, and this usually 
indicates progression of bone metastases. This occur- 
rence depends neither on dose nor on immobilization. In 
the presence of progression of the cancer or hyper- 
calcemia, estrogen administration should be stopped. 

A statistically significant association has been reported 
between maternal ingestion of diethylstilbestrol during 
pregnancy and the occurrence of vaginal carcinoma in the 
offspring. This occurred with the use of diethylstilbestrol 
for the treatment of threatened abortion or high risk preg- 
nancies. Whether or not such an association is applicable 
to all estrogens is not known at this time. In view of this 
finding, however, the use of any estrogen in pregnancy is 
not recommended. 

Failure to control abnormal uterine bleeding or unex- 
pected recurrence is an indication for curettage. 
Precautions: As with all short acting estrogens, the 
following precautions should be observed: 

A complete pretreatment physical examination should 
be performed with special reference to pelvic and breast 
examinations. Such physical examinations should be re- 
peated at regular intervals, at least annually during 
estrogen therapy 

To avoid prolonged stimulation of the endometrium and 
breasts in climacteric or hypogonadal women, estrogens 
should be administered cyclically (3 week regimen with 1 
week rest period — withdrawal bleeding may occur during 
rest period). 

Because of individual variation in endogenous estrogen 
production, relative overdosage may occur which could 
cause undesirable effects such as abnormal or excessive 
uterine bleeding, mastodynia and edema. 

Because of salt and water retention associated with 
estrogenic anabolic activity, estrogens should be used 
with caution in patients with epilepsy, migraine, asthma, 
cardiac, or renal disease. 

If unexplained or excessive vaginal bleeding should oc- 
cur, reexamination should be made for organic pathology. 

Estrogen usage may cause preexisting fibromyomata to 
increase in size; therefore, patients should be examined at 
regular intervals while receiving estrogenic therapy. 

The pathologist should be advised of estrogen therapy 
when relevant specimens are submitted. 

Because of their effects on epiphyseal closure, 
estrogens should be used judiciously in young patients in 
whom bone growth is incomplete. 

Prolonged high dosages of estrogens will inhibit anterior 
pituitary functions. This should be borne in mind when 
treating patients in whom fertility is desired. 

The age of the patient constitutes no absolute limiting 
factor, although treatment with estrogens may mask the 
onset of the climacteric. 

Certain liver and endocrine function tests may be 
affected by exogenous estrogen administration. If test 
results are abnormal in a patient taking estrogen, 


they should be repeated after estrogen has been with- 

crawn for one cycle. 

Adverse Reactions: The following adverse reactions 

have been reported associated with short acting estrogen 

administration: 

nausea, vomiting, anorexia 

gastrointestinal symptoms such as abdominal cramps 
and bloating 

increased incidence of gallbladder disease 

breakthrough bleeding, spotting, unusually heavy 
withdrawal bleeding (See DOSAGE AND 

ADMINISTRATION) 
breast tenderness and enlargement 
reactivation of endometriosis 
possible diminution of lactation when given 

immediately postpartum 
loss of libido and gynecomastia in males 
edema 
aggravation of migraine headaches 
change in body weight (increase, decrease) 
headache 
allergic rash 
hepatic cutaneous porphyria becoming manifest 
Dosage and Administration: PREMARIN (Conjugated 
Estrogens Tablets, U.S.P) should be administered 
cyclically (3 weeks of daily estrogen and 1 week off). 
There should be an annual reassessment of the patient to 
determine the need for continued estrogen therapy. This 
assessment may be assisted by lowering the dose and ob- 
serving the symptoms to determine correct maintenance 
dosage for continued therapy. 

Menopausal Syndrome— 1.25 mg daily, cyclically. Ad- 
just dosage upward or downward according to severity of 
symptoms and response of the patient. For maintenance, 
adjust dosage to lowest level that will provide effective 
control. 

If the patient has not menstruated within the last two 
months or more, cyclic administration is started arbitrarily. 
If the patient is menstruating, cyclic administration is 
started on day 5 of bleeding. If breakthrough bleeding 
(bleeding or spotting during estrogen therapy) occurs, in- 
crease estrogen dosage as needed to stop bleeding. In 
the following cycle, employ the dosage level used to stop 
breakthrough bleeding in the previous cycle. In subse- 
Quent cycles, the estrogen dosage is gradually reduced tc 
the lowest level which will maintain the patient symptom- 
free. 

Postmenopause—as a protective measure against 
estrogen deficiency-induced degenerative changes (eg. 
osteoporosis, atrophic vaginitis, kraurosis vulvae) —0.3 mg 
to 1.25 mg daily and cyclically. Adjust dosage to lowest 
effective level. 

Osteoporosis (to retard progression) —usual dosage 
1.25 mg daily and cyclically. 

Senile Vaginitis, Kraurosis Vulvae with or without Pru- 
ritus—0.3 mg to 1.25 mg or more daily, depending upon 
the tissue response of the individual patient. Administer 
cyclically. 

How Supplied: PREMARIN (Conjugated Estrogens 
Tablets, U.S.P) 

No. 865—Each purple tablet contains 2.5 mg, in bottles of 
100 and 1,000. 

No. 866—Each yellow tablet contains 1.25 mg, in bottles 
of 100 and 1,000. Also in unit dose package of 100. 

No. 867 — Each red tablet contains 0.625 mg, in bottles of 
100 and 1,000. Also in unit dose package of 100. 

No. 868— Each green tablet contains 0.3 mg, in bottles of 
100 and 1,000. 

References: 1. Smith, D.C., Prentice, R., Thompson, D.J., 
and Herrmann, W.L.: Association of exogenous estrogen 
and endometrial carcinoma, N. Engl. J. Med. 
293:1164-1167, 1975. 2. Ziel, H.K., and Finkle, W.D.: In- 
creased risk of endometrial carcinoma among users of 
conjugated estrogens, N. Engl. J. Med. 293:1167-1170, 
1975. 3. Mack, T.M., Pike, M.C., Henderson, B.E., Pfeffer, R.I.. 
Gerkins, VR., Arthur, M., and Brown, S.: Estrogens and en- 
dometrial cancer in a retirement community, submitted for 
publication. 7637 
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RS I thank the Association again for making me your 


president this year. My election last May abruptly : 


catapulted me to a pinnacle which I had never before 
dared contemplate. For some time I could still scarcely 
believe my good fortune, and even now I continue to 
view this development with a certain wonderment and 
awe. And yet, it did gradually sink in that I actually 
was to be president, for a time, and that in addition 
to other duties and opportunities I would have the 
singular privilege of bringing you a message on this 
occasion. 

Over the months since that special day at the Chateau 


Frontenac in Quebec, my mind has ranged the far reaches 


of American Surgery. Our national bicentennial year 
finds us at not only a chronological milestone, but 
also at a great national philosophical milestone, when 
Americans no longer consider anything and everything 
possible if only enough work and money were expended. 
We have run out of space unlimited, of energy unlimited, 
of finance unlimited—and, yes, of Innocence unlimited. 
Traditional national values of patriotism, good citizen- 
ship, and the hard worth ethic | may no longer provide a 
sufficient bulwark against the decay of national unity and 
social morality. We no longer believe it our duty or 
even possible to save the world single handed. It has 
been said that twenty years ago we did not claim to be a 
superior race: we admitted it. But those days are gone 
from all the land, never to return in the same simplistic 
form. Even tlie hegemony of Western European society 
in shaping our values over the centuries is rapidly re- 
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ceding, as the enormous population and land mass of the 
rest of the world exert a massive and pervasive influence 
on our thinking and orientation. From our traditional 
omnipotent mentality, we may well come to feel besieged. 

Against this general background, I propose to consider 
some of the problems which confront American surgery 
and thus the members of the American Surgical Associa- 
tion in 1976. It is hoped that these remarks may serve an 
historical purpose when our concerns of today are looked 
back upon by our colleagues at the time of the tri- 
centennial in 2076. 


Major Current Sectors in American Surgery 


The profound ferment which has altered every aspect of 
our national life has had a wide-ranging influence upon 
many or most sectors of our surgical spectrum, to include: . 


. Teaching and Training 

. Research 

. Surgical Practice and Quality Care 

. Relations With U.S. Society (The Patient) 
. Relations With the Law 

. Relations With Government 
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Teaching and Training 


Medical school education and housestaff postgraduate 
training constitute a common experience shared by all 
members of the surgical profession. They are traditionally 
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of major interest to the American Surgical Association. 
This experience, its content and quality, determines the 
very future of our Association and of American surgery at 
large. It is appropriate, therefore, to acknowledge certain 
problems which concern our medical schools and teaching 
hospitals. 

‘Medical Student Teaching. The teaching of medical 
students. has been definitely affected by the sweeping 
changes felt by American society at large. The follow- 
ing selected considerations are representative of the 
changes involved: 


Academia — Withdrawal Pains 

. Faculty Teaching— A Divine Gift? Rewards? 
. Teaching Also a Refuge? 

. Too Many Medical Students? 

. Resurgence of ‘“Two-Year Schools” 
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Ácademia —Withdrawal Pains. It is no secret that 
academia is having withdrawal pains. But withdrawal 
from what? Or, what has been withdrawn? 

First, vast financial support has been withdrawn— 
in the form of NIH research grants and research fellow- 
ships, federal student loans and scholarships, and direct 
faculty and institutional subsidies from private sources. 
The result has been a large scale departure of personnel 
from medical school research and teaching positions, to 
hopefully more secure positions in private practice, 
government or industry. Not only has this reduced the 
numbers of research and teaching physicians currently 
active, it has also served as a warning and deterrent 
to bright young people who may now see medical school 
employment as risky, often low paid, and also less re- 
warding in terms of the less tangible satisfactions of 
teaching that were once so gratifying. 

Faculty Teaching —A Divine Gift? For many years it 
was enough that a physician be willing to ‘‘teach at the 
medical school,’’ with little attention to his innate qualifi- 
cations to do so. Certainly, there were virtually no re- 
quirements that he have teaching experience, and the 
medical students silently got what they could from the 
presentations which they were powerless to influence. It 
was assumed that the ability to teach was a divine gift 
bestowed upon all physicians with their degree. 

Now matters have changed considerably. The content 
of material presented to students is planned and moni- 
tored, and students freely criticize the individual teachers 
and their material. 

The rewards for the teacher are less compelling than 
they once were, it seems to me, and there can be no deny- 
ing that the role of the medical school teacher is less sought 
after by physicians today than it was twenty years ago. 
There are many reasons for this, some of them as 
complex as the influences which have modified all sec- 
tors of society in the United States over the past two 
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decades. First, medical schools have multiplied, classes 
have been markedly increased, and students are oiten 
aggressively untidy and less appreciative of faculty 
efforts. Whether deserved or not, criticism of individual 
faculty members by students naturally has affected 
faculty-student relationships. The old wheeze of the pro- 
fessor who replied that his job was to cast artificial 
pearls before genuine swine now occasionally approaches 
substance. But fortunately, such instances are rare. 
The motivation of most medical students has changed 
little from that of 40 years ago. They are just as idealistic, 
perhaps even more so. Their general social orientation is 
simply a reflection of their times. 

Teaching Also a Refuge? As research support has de- 
clined, teaching, with or without patient care, has now 
often replaced other academic productivity as a guide- 
line for faculty promotion— perhaps deservedly so, but 
"teaching" has at times become also a refuge for some 
who lack the dedicátion to engage in research which is 


‘sO necessary to a stimulating teacher in the medical 


disciplines. 

Too Many Medical Students? Class enlargment in some 
medical schools has exceeded the capacities of the physi- 
cal plant and the faculty, with reduced attention to the 
needs of the individual student. The pressures to do so 
have come from the state and federal governments, 
citizen activist groups and many other sources. How- 


ever, perhaps the most seductive influence has been the ` 


‘‘capitation grants™ from the federal government, with a 
formerly liberal allowance for each medical student ad- 
mitted, especially if over and above previous enroll- 
ments. Unfortunately, funds were not often provided 
for the construction of additional classrooms and labora- 
tories, and now even the capitation per medical student 


‘¢ 


has been reduced and will probably be phased out— . 


leaving the medical schools with large classes which for 
political reasons cannot readily be reduced. 

Resurgence of Two-Year Medical Schools. We have 
also seen the resurgence of two-year medical schools, 
all but abolished two decades ago because they were 
believed to represent less than optimal learning ex- 
periences for medical students. While both the first 
two years and the last two years may be a part. of the 
same parent university, they may be physically separated 
by long distances. This development is a sacrifice to the 
drive for a larger output of physicians. 

Resident Training. Residency training represents the 
process by which we replicate ourselves. Quite naturally, 
most of us harbor definite convictions about how residents 
should be educated. The major current concerns re- 
garding residency training in the United States include: 


1. How Many? 


2. Foreign Medical Graduates in Residency Programs , 
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3. Independent Resident Operating and Third Party 
Vendors 


de g. Resident Salary, ‘‘Moonlighting’’ and Time Off 


«x 


5. But Can He Operate? 


How Many? (The SOSSUS Study) The number of 
specialists of all types needed by the American popula- 
tion is the subject of major debate. One of the most 
comprehensive studies of national requirements for surgi- 
cal specialists has been the SOSSUS study, developed 
through the joint efforts of the American Surgical Asso- 
ciation and the American College of Surgeons. The pre- 
liminary results of this study have been presented to 
this Association at various times over the past several 
years, and are to be published in full. Suffice it to 
say here that unless the number of trainees in some 
specialties be reduced, a serious surplus of such special- 
ists may develop within the next twenty years. At the 
end of World War II the residency programs in the 
United. States were greatly enlarged to accommodate 
returning veterans, but subsequently the programs were 
never cut back again to the pre-war levels. Thus, one 
of the principal reasons who so many foreign medical 
graduates enter our residency programs is that not 
enough American medical graduates apply to fill all these 
slots. One suspects that if the numbers of residency 
positions were to be significantly reduced, the graduates 
would be better trained and would come largely from 
American medical schools. 

Foreign Medical Graduates in Residency Programs. 
All who have served on the American Board of Surgery 
are familiar with the large number of foreign medical 
graduates enrolled in our surgical residency programs. 
Some of these physicians are absolutely superior. Most of 


~~~ these physicians are fine human beings of outstanding 


intellect, but the majority exhibit a serious deficit in 
English language communication. They often populate 
marginal residency training programs, with limited 
clinical material, and their knowledge and understanding 
of human physiology is often thin. These physicians 
commonly remain in the United States, depriving their 
country of origin of their services, while at the same time 
representing at times a less totally effective surgeon 
than would a native born American who had graduated 
from a United States medical school. 

Independent Resident Operating and Third Party 
Vendors. When Medicaid and Medicare were first 
established, there was major apprehension regarding 
how, on the one hand, the residents could gain operat- 
ing experience before striking out on their own, but also 
how, on the other hand, the attending surgeon could 
collect a fee if the resident were permitted to do a major 
part of the operation. 

. Had the third party vendors been absolutely rigid, 
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either the residents in training would have done essentially 
no operating on ‘‘third party” patients; or, the resident 
would have done the operation, the surgeon assisting 
would have collected no fee, and the entire structure of 
postgraduate surgical training in the United States would 
have been seriously disrupted. Fortunately, judicious 
compromise was allowed to prevail. While admitting 
some return to a form of the apprenticeship method so 
frowned upon when the Halsted residency system was 
in its heyday—the chief resident supreme and the staff 
man often barely tolerated—the quality of the residency 
training program has been little impaired. Furthermore, 
in my judgement, both the patient and hence surgery in 
general have profitted from the requirement that the 
supervising surgeon work closely with preoperative plan- 
ning, be in the operating room to see that the operation is 
first class, and then participate in postoperative manage- 
ment. The speaker never agreed with the oft-stated 
dictum that the resident could do the operation better 
than his staff man: were that the case, something was 
wrong. An additional dividend of the inclusion of pre- 
viously indigent patients under third party coverage is 
that is has given junior staff members some access to 
private patients, without which the young academic 
surgeon who really wants to operate will not stay long 
in the teaching hospital. Finally, Medicare and Medicaid 
coverage have given patients a free choice of surgeon, 
resulting in competition and still better surgical care. 

Therefore, one looks hopefully to the future. A modus 
operandi has been established which permits the continua- 
tion of resident training under appropriate supervision. 
This augures well for the future of American surgery. 

Resident Incomes, Moonlighting, and Time Off. We 
recently had a resident whose annual income from his 
salary plus ‘“‘moonlighting’’ was alleged to be greater 
than that of the chairman of his clinical department. This 
type of situation raises a host of questions: what are the 
content and requirements of the educational program? 
What derelictions of hospital duty were involved in so 
much moonlighting time away from the home institution? 
Are such residents needed at all? What is the long- 
range effect on community medical practice where the 
resident moonlights? 

The salaries which residents now receive are signifi- 
cant. While the salary is certainly not commensurate 
with a resident’s market place potential as a certified 
M.D., resident support now represents a major expendi- 
ture in hospital and medical school budgets. This is still 
another reason to reduce the number of residents. 

Meanwhile, it is time that we recognize the importance 
to the medical profession itself of seeing to it that in- 
ternes and residents have the time to be effective members 
of their families. In my opinion, we should not penalize 
the young physician who aspires to a surgical career 
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by requiring him or her to be ‘‘on’’ so much that his or her 
role as a husband and father, or wife and mother, is 
obliterated. 

But Can He Operate? The most vital question asked 
- about a surgeon is, Can he operate? By this question is 
meant does he get good surgical results, with minimal 
morbidity and mortality rates? All of us must admit that at 
times we have allowed a trainee to finish the program 
when from the beginning he never really exhibited the 
judgement and requisite other skills which are essential 
to the superior clinical surgeon. Certainly, if the trainee 
was not a good surgeon when he was in the program, 
he will hardly be a good surgeon ten years later. By 
reducing the number of residents, we can be even more 
selective and can also afford those remaining the depth of 
operative experience required: if the resident has not 
become facile with a given complex operation befóre he 
enters practice, it is unlikely that he will do so later out 
in private practice where he gets such a case but rarely. 


Research 


Research Funding and Personnel. The halcyon 
decades of ever larger federal expenditures for re- 
search have gone. The syndrome depicted by the slogan 
"when you're in Washington get me a grant," has now 
given way to hard times, in which even highly meri- 
torious research projects may fail to get funded. 

What has been the result? For one thing, as mentioned 
earlier, many research personnel have entered other 
lines of work, prospective young academic surgeons note 
the loss of research support and elect to enter private 
practice immediately, and all personnel strive to get 
on the ''hard' money budget instead of the ‘‘soft’’ 
money of research grants. Faculty promotion based on 
research output has given way to promotion based on 
teaching, patient care, and administration. And this Is not 
all bad: for one thing, gross distortions in medical school 
balance had been brought about through huge research 
grant awards, and at times the investigator might have 
been more loyal to the granting agency than to his uni- 
versity. Furthermore, as time passed, the granting 
agencies began to exert more and more influence on uni- 
versity goals and policy. Some of this pressure has now 
been reversed. 

But even so, there is widespread concern that the 
United States will lag behind other countries and behind 
its native capabilities in generating new ideas and informa- 
tion. Closer to home, I believe that some research 
exposure is important in the development, education and 
training of a surgical resident. It promotes precise think- 
ing: it has been suggested that if all surgical statements 
made were subjected to slide-rule analysis, more than 
half such clinical assertions would be found un- 
supportable. 
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Research and Resident Development. Research ex- 
perience develops precision not only in thinking but also 
in speaking: for example, my first paper before a national ~ 
audience was at the Federation meetings in Atlantic City. 
I had given a paper on the relation of total body water to 
body fat content, the leanest houseofficer studied having 
been 7296 water on a weight basis. The next speaker 
reported that some of his dogs had been 90% water. 
Obviously, the two studies in mammals were in wide dis- 
agreement and it appeared that one was wrong. I held up 
my hand and said, '' Mr. Chairman, I would like to enquire 
of the essayist as to the character of his dogs.’’ To which 
the essayist replied, ‘‘The character of my dogs, Sir, was 
unimpeachable!’ 

Truly, research maketh a man careful in asking ques- 
tions from the floor. 

It is to be hoped that residency review committees 
will not allow the decline in research grants to be made 
an excuse for closing the hospital’s surgical research 


laboratory. Research improves the quality and the fresh- 


ness of education at all levels. 


Surgical Practice and Quality Care 


""The secret of caring for the patient is in caring for 
the patient" —(Peabody) 


Payment for Surgical Care. The patterns of surgical 
practice in the United States moved further toward 
group associations after World War II. However, solo 
surgical practitioners with direct fee for service billing 
still perform a substantial segment of the surgery in this 
country and, indeed, general practitioners perform more 
routine surgery than most surgeons realize. For example, 
in 1972 the Mississippi Blue-Shield awards for chole- 
cystectomy went to non-board certified physicians in 43.5 _ 
per cent of cases. Moreover, when the Medicare office 
was asked why they paid the same surgical fee to a 
general practitioner as to a board certified surgeon, the 
reply was that medicine should set the standards among 
its own members, that Medicare paid for a specific 
service rendered irrespective of the qualifications of the 
operator. However, there have since been modifications 
in this stand. 

Regardless of whether the surgeon is in solo practice, 
private group practice, large multi-specialty clinic prac- 
tice, or university affiliated practice, he derives deep 
satisfaction from having his own patients, his own private 
patients who seek him out for their care. Many psy- 
chiatrists insist that patients who pay for their care get 
well quicker and are better treated by the physician. 

Billing and Fee for Service. The most prevalent method 
of payment for surgical services rendered is by direct 
billing or fee for service. The enormous expansion of : 
insurance and other third party coverage has had a pro“ 
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found influence on the attitudes of both patient and 
vendor. Thus, whereas some surgeons once used a sliding 
fee scale based on supposed ability to pay, far more 
standardization of fees is now the rule, and the Cali- 
fornia Scale of Relative Values has often served as a 
guide to other agencies across the country. Such stand- 
ardization, plus the ubiquitous computer, has enabled 
third party vendors secretly to construct billing profiles 


on most physicians and surgeons. Medicare and Medicaid 


data may well serve to give the federal government 
instruments for further control which can provide ever 
stronger leverage for coercion if used inappropriately — 
to pay or not to pay, that is the question. With Medi- 
care and Medicaid the government now has the power 
to regulate most phases of medical practice. 

As emphasized later in this discussion, it is quite 
possible that the U.S. medical profession will have to 
take a united stand, somewhere along the way and 
perhaps soon, to preserve from federal control the things 
that are good in our present system of health care. 

The Quality of Surgical Care. Can surgical care in the 
United States be improved? If we answer honestly, 
and of course we must, we will acknowledge that surgi- 
cal practice in most localities can be improved con- 
siderably. It can be improved in distribution, in hospital 
efficiency, in lower morbidity and mortality rates, and in 
overall results. Agreed, utopia is never achieved, and who 
can say that the present system of health delivery is 
not as good as one that might replace it? But even so, 
there are specific areas in which present procedure is 
less than optimal: 

1) Surgical Results. The Joint Commission on Ac- 
creditation of Hospitals inspects hospitals but usually 
not surgical results. The Professional Service Review 
Organization (PSRO) may partially correct this defi- 
ciency, but one has genuine doubts. 

2) Morbidity-Mortality Conference. Many of the 
smaller hospitals, including the host of Hill-Burton com- 
munity hospitals, hold no meaningful surgical Indica- 
tions-Morbidity-Mortality Conference. Even in teaching 
hospitals the review may be less than searching. 

3) The Surgeon's Credentials. A “Laundry List" 
Useful? As noted above, approximately 43.595 of chole- 
cystectomies paid for by Blue-Shield in Mississippi in 
1972 were performed by non-board certified surgeons. 
small hospitals have difficulty in enforcing credentials 
when beds are empty and the budget is overextended. 
The '*laundry list" mechanism, a list of the operations a 


. given surgeon is allowed to perform, does not take into 


X 


account the poor risk patient. This list is difficult to 
construct, it constricts the well trained surgeon from ad- 
vancing with progress as new operations are developed, 
and it is hard to enforce. Moreover, the courts may rein- 
e state the inept operator, who then brings a countersuit 
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against the hospital staff members who voted to dismiss 
him. The routine rigid assessment of surgical results re- 
mains the best means of ensuring a high standard of 
surgical practice. 

4) The Conspiracy of Silence. All of us are reluctant 
to come forward and testify in court, even when mal- 
practice is starkly apparent. The reasons for this reluc- 
tance are so complex that they cannot be further ex- 
amined here. Nonetheless, some progress is being made 
in the development of screening panels, to see that the 
patient receives fair consideration while at the same time 
protecting physicians from nuisance suits. 

5) Unnecessary Surgery. There can be no doubt that 
some unnecessary surgery is performed, but it is hard to 
quantitate. That the institution of straight salaries for all 
surgeons would diminish the number of operations per- 
formed is possibly true, but whether or not it would im- 
prove overall surgical care across the United States is 
highly questionable. In another context, an internist of 
the writer's acquaintance claims that he can get any pa- 
tient operated upon: it is simply a matter of choosing 
the right surgeon. 

6) The Superior Clinical Surgeon (In Adequate Num- 
bers). Nothing so advances the cause of surgery at large 
than the daily activity of the superior clinical surgeon. 
He is way ahead of the Professor of Biochemistry in 
the operating room and he performs in a way that the 
layman understands—he gets people well. He is our 
greatest asset in providing quality surgical care. 


Relations With U.S. Society (The Patient) 


Despite all the adverse publicity directed against the 
medical profession in recent years and especially just 
now, a Gallup Poll still found doctors to be among the 
most trusted and admired citizens. And who would 
doubt this finding? I still remain reverent of the fact 
that a patient will come from a long distance, to a strange 
hospital, to a surgeon he's never seen before, get on 
the operating table, and risk a life-threatening operation 
with remarkable confidence. The essence of this rela- 
tionship was best brought home to me some years ago 
when I rushed by on rounds and told this elderly 
black man with a painful thoracic aneurysm eroding 
the spine that we would operate tomorrow. As I 
was about to leave the room he said, ‘‘Doc, come back 
just a minute." He looked at me silently for a moment 
with his one eye and then said, ‘‘Doc, we ain't talked 
much, but I'se countin' on yuh.” 

It would be presumptious of me to press the issue of 
patient-physician relations with this group: it is to the 
larger sphere of physician-patient interface that attention 
is drawn. First, all physicians must see to it that they 
listen to the patient carefully. Peabody remarked that the 
secret of patient care is in caring for the patient. 
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Surgical Morality. The quality of surgical care is thus of 
transcendent importance. A second issue of importance 
has to do with the charges made. The range of surgical fees 
charged is often startling, even in the same city, and 
some charges are simply outrageous. 

A friend of mine, a prominent citizen of Mississippi, 
was travelling in another section of the United States last 
summer when he developed an acute urinary tract in- 
fection. He consulted a urological group of four members, 
but he was seen, diagnosed and treated by their physi- 
cian’s assistant: he never was seen by a physician but he 
was billed as if he had been. Another example. A board 
certified surgeon describes central venous catheter inser- 
tion as “‘right heart catheterization’’ and charges the pa- 
tient $150. Such items do not improve our relations with 
the U.S. public—and in the final analysis, many of 
our problems are going to be political in outcome. Such 
abuses are uncommon but they should not occur at all. 

Once we have found the resolve and seized the means 
to put our own house in order, with a surgical conscience 
and morality that we can all applaud, we can then stand 
on this base to deliver our message to the people. We 
can all agree that morality is the ultimate reality—-that 
there is no sustained power without it. 


Relations With the Law 


Era of Lawsuits. This is an era of lawsuits in all sectors 
of national life. The interface between medicine and the 
law has now become so vast, pervasive and discussed 
that only brief acknowledgment will be made here. Pa- 
tients are suing doctors, doctors are suing each other, 
faculty members and medical students are suing the 
university, minority groups are suing for equal treatment 
and so on ad infinitum. Departmental and medical school 
files must now be opened to personnel at any time. There 
have now been suits in which the surgeon was not only 
sued for malpractice by the relatives of the plaintiff, but 
was also charged with murder by the district attorney. 
Liability insurance has become exorbitant. 

Opinion of U.S. Public. A Gallup Poll taken in 1975 
reported that 85 per cent of the U.S. public believe that 
organized medicine should do a better job of weeding 
out incompetent physicians. Eighty per cent believe that 
an upper limit should be set for the lawyer’s fee. The 
majority favored a limit on the size of malpractice awards, 
a five year time limit on liability, and the use of arbitra- 
tion panels to settle suits out of court. 

Informed Consent. Meanwhile, it behooves all of us to 
be certain that the patient understands what is being 
proposed — so called informed consent. Many patients do 
not have the background to understand what to us is 
perfectly simple and straight forward. For example, 
we had explained mitral valve replacement to a young 
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woman and then asked if she understood. ‘Yes, Doctor, 
I understand’’, she answered, ‘‘But you won't have to 
put me to sleep, will you?" 

Representative Measures Before State Legislatures. 
The extreme seriousness of the medical liability insurance 
problem has finally been brought home to members of 
the state legislatures, and the following measures pro- 
posed to the Mississippi Legislature this year are 
representative of those proposed in numerous other 
states: 

1) State Board of Health Authority. The State Board 
of Health would be given additional authority to re- 
voke the license of physicians found incompetent for 
various reasons. 

2) Screening Panels. Screening panels composed of 
physicians, lawyers and lay representatives would screen 
malpractice allegations, and offer an opinion as to the 
merits of the plaintiff's complaint, to reduce nuisance 
suits. 

3) Two Year Limit. The statute of limitations regard- 
ing medical liability would be shortened and fixed, 
perhaps at five years. 

4) All Facts Introduced. All facts surrounding a 
plaintiff's complaint would be introduced in court. At- 
torneys for the plaintiff have at times prevented the 
presentation of important medical circumstances that 
would have assisted the physician in his defense. 

5) Peer Review Immunity. The enforcement of hospital 
standards has often been severely handicapped be- 
cause of inadequate legal protection for physicians 
charged with maintaining high standards of medical 
care. Lawsuits by disciplined physicians have at times 
been successful and have thus discouraged efforts to 
weed out incompetents. 

6) State Insurance Commissioner Authorization. It has 
been proposed that the state insurance commissioner 
take appropriate steps to see to it that medical 
liability insurance be available at a reasonable cost. | 

7) Expert Testimony. Expert witnesses brought in to 
testify in a court case would have to be physicians 
from the same state or surrounding states, not hired 
"professional medical witnesses’? brought in from a 
great distance. | 

8) Valid Consent. Further measures would be taken to 
ensure that the patient 1s informed adequately of the 
procedure to be performed and the risks involved. 


Relations with Government 


The Current Political Climate. Without question the 
greatest current imponderable for physicians lies in the 
direction of our relationships with government at all 
levels: whether hospital governing boards, city or county 
government, or state or federal government. Many of 


be’ 
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these considerations have been masterfully reviewed be- 
fore this association by our two immediate past presi- 
dents, among others. 

Encroachment of Federal Control. The pervasive in- 
fluence of local, state and federal governments in super- 
vising ever widening spheres of medical practice is 
apparent on all sides. The enormous funds involved in 


Medicare, Medicaid, Vocational Rehabilitation, Crippled 


Children's Service, and many other programs afford 
extensive control over hospitals and physicians. The 
hospital must remain qualified for these programs to re- 
main solvent, and the hospital will expect its staff 
physicians to cooperate if they wish to preserve their 
admitting privileges. The basic leverage, of course, 
is financial: the governmental agency can simply with- 
hold payment to the given hospital or physician, and 
there is an increasing degree of collaboration among 
these agencies. l 

The programs of Regional Planning are in their infancy, 
but no one believes that regional planning—in concept, 
a good thing—will not permanently alter the contours 
of American medicine. _ | 

Showdown Power Politics. Y would like here to direct a 
few remarks to a single basic issue: the high probability 
of show-down power politics. I once believed that those 
in government at various levels, who regulate third party 
vendors and other fiscal matters, would elect to pursue 
the traditional freedom of choice and personal liberty 
long so dear to the hearts of Americans. Sadly, I am no 
longer so confident that we can expect fair play. In 
fact, I see on all sides evidence that many are eager 
to assault and to take over American medicine and 
use it as an instrument of power and prestige—all 
in the name of improved distribution of medical care. 
Now, let me say again that I know only too well that 
American medicine needs to be improved, can be iin- 
proved, must be improved. However, it is not necessary 
that the government take over the. medical profession 
in this country to achieve this improvement. 

Organization of Physicians. To be strong, we must 
organize. We must be prepared, if all else fails, to 
withhold our services from all but emergency patients. 
If this seems hard, and it is hard, we nonetheless 
must accept it. In the final analysis, it is our only 
weapon. The cost must be counted, we must decide the 
lengths to which we will go, we must be prepared to 
face the consequences. But we must win on the vital 
issues. | 

The political solution of political problems requires 
political means. Basically, politics is people. We can 
approach enough people only through the members of the 
American Medical Association. The American Surgical 
Association has talent, the American College of Surgeons 
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has both talent and muscle, but the American Medical 
Association has access to the votes. 


Our Obligations 


Meanwhile, there are several things we should do, 
first, because they are right and, second, because they 
are long overdue. 

Economical Medical Service. Surgical care is enor- 
mously expensive, and often is very wasteful. If a private 
business were run on the same basis as are many hos- 
pital intensive care units, for example, it would soon go 
bankrupt. Teaching hospitals are notoriously expensive, 
though there is little certainty that, on balance, the 
teaching hospitals deliver better care in terms of 
process or outcome, and even less evidence in terms of 
cost benefit. Doctors and nurses are often wasteful— with 
materials, equipment, and time. 

Quality Medical Care. We must strive for surgical 
excellence in every aspect of our professional lives: 
To accept less than the optimal surgical result possible 
under the clinical circumstances is to subtract some- 
thing from another person's life. 

Universal Coverage. This problem has dimensions 
which extend far beyond the practice of surgery. No 
immediate mechanism is available for inducing physi- 
cians to practice in remote geographical areas where 
facilities for the effective education of their children are 
inferior or virtually absent. At present we can only 
be continuously aware of this problem and to support 
appropriate efforts to improve it. 

Discipline and Housecleaning. While some incompe- 
tent members of organized surgery remain active, much 
has already been done by organized surgery to enforce 
adequate standards of surgical care. Unfortunately, vast 
numbers of operations are performed by physicians with 
limited surgical training who are not members of organ- 
ized surgery: in these circumstances only the individual 
hospital staffs and boards can insist upon a high stand- 
ard of surgical practice and eliminate incompetents. 

Leadership Position of the American Surgical Associ- 
ation. The American Surgical Association is virtually 
devoid of political constraints, and thus it is in a partic- 
ularly favorable position to serve as the sharp cutting euge 
of progress in some of these areas. 


Immediate Actions 


More immediately, several actions should be taken in 
some of these areas. We should: 1) Support JCHA moni- 
toring of surgical results in hospitals; 2) Support the panel 
review mechanism in malpractice claims; 3) Support ap- 
propriate residency limitations and further strengthen 
programs; 4) Work with American College of Surgeons 
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to respond to news media attacks; 5) Monitor federal 
encroachment; 6) Give superior care to the individual 
patient. The patient will be the beneficiary in all these 
plans for positive action. 


Medicine's Bright Future 


The practice of medicine is an ancient calling. It long 
antedates the current intense preoccupation with liability 
insurance, malpractice litigation and federal encroach- 
ment, and it will retain its luster when these temporal 
concerns have long since been replaced by others. 

There is no more sustaining value in life than that of 
an opportunity to serve, to labor in a vineyard where the 
fruits of such labor are immediately and daily apparent. 
The medical life is constantly challenging, endlessly 
fascinating, and forever rewarding in terms of con- 
tributions to the lives of others. Such rewards are given 
to few other professions. 

As for surgery specifically, a brief glance backward 
will attest that surgical knowledge is exploding and that 
most operations to be performed in the next century may 
not even have been conceived at this time. The winding 
stream of surgical knowledge and discovery, so visible 
behind us, will extend endlessly beyond the future 
horizons. It will be our priceless privilege to participate 
in these discoveries and in their application to the cure 
of human ills. 
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The American Surgical Association: Past and Present 


In closing, a few words about the American Surgical | 
Association. This venerable society includes much or l 
most of the top leadership of American surgery. It has 
always been so since its founding, so well presented in 
three volumes through the superb editorial capabilities 
of Doctors Sparkman and Shires. At the first formal 
meeting in 1880, Samuel D. Gross was elected the first 


l president. At the 1881 meeting at Coney Island, eleven 


members were present. Today we have almost 350 active 
members distributed throughout the United States and 
Canada. 

At the business meeting on Thursday, April 29, 1886, 
Dr. J. S. Billings, Chairman of the Committee of Arrange- 


ments, presented a bill of $7.95 for expenses incurred! 


This bill was ordered paid. The Honorary Fellows as of 
1886 included Lister, Billroth, Volkmann and Paget. 
Where are the Cushings : of today? They are here in this 


audience. They will meet and they will master the threat- 


ening challenges of our times. There is risk in conflict, 
even danger— but there is also opportunity, at times even 
greatness! 

Let us therefore move forward— with largeness of 
mind, with nobility of spirit, with immaculateness of pur- 
pose. Let us so conduct ourselves that, when our efforts 
are reviewed by our colleagues in 2076, it will be said, 
and truly said, that we served our fellow man. Thank you. 


Which Breast to Biopsy: 


An Expanding Dilemma 


J. DAVID LEWIS, M.D., JOHN R. MILBRATH, M.D., KATHERINE A. SHAFFER, M.D., JOSEPH C. DARIN, M.D., 


To provide insight into the significance of findings reported from 
screening asymptomatic women for breast cancer, we réviewed 
19,928 mammographic studies with the accompanying physical 
examination and correlated these findings with 554 breast biop- 
sies. Of 83 breast biopsies with suspicioüs findings on both physical 
examination and mammography, 72 demonstrated breast cancer 
(87%). Of 155 biopsies for suspicious changes on mammography 
alone, 50 (32%) demonstrated breast cancer. The accuracy. of 
suspicious mammography was independent of, findings on physical 
examination. Of 204 patients with suspicious findings limited to 
physical examination, 34 (17%) had breast cancer; 31 were in 152 
biopsies of patients with mammography interpreted as normal 
(20%) and three were in biopsies of 52 patients (6%) in whom a 
visualized mass was interpreted as benign. One hundred and 
twelve breast biopsies were performed for changes interpreted 
as normal or benign. Six malignancies were discovered (5%). No 
cancer was found in 32 biopsies for nonpalpable benign manimo- 
graphic abnormalities. Our results emphasize the importarice of 
discriminating between nonvisualization of a mass and mammo- 
graphic recognition of either a benign or malignant tumor. The 
reliability of interpretation is considerably greater for a visualized 
lesion than a nonvisualized one. 


HE BREAST CANCER Screening Programs sponsored 

by the American Cancer Society and the National 
Cancer Institute have resulted in evaluation of many 
asymptomatic women. The combination of physical ex- 
amination and mammography has frequently detected 
small breast cancers with the probability of improved 
survival in these patients.*" Intelligent management of 
patients with abnormalities depends upon insight into the 
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significance of such abnormalities whether noted on 
physical examination Or mammography. 

The diagnostic accuracy of mammography in the diag- 
nosis of benign breast disease approximates 9095.! The 
specificity of mammography in screening for breast 
cancer approximates 80%.! Although mammography has 
added a new dimension to examination of the breast, 
limitations should be recognized. These limitations are 
highlighted by the observation that 16%-45% of breast 
cancers detected in screening programs are fourid only 
by physical examination.^" Reported limitations, es- 
pecially in young patients with dense breasts; have 
been decreased with the development of xeroradiographic 
techniques.!! 

There is uniform acceptance for biopsy of breast 
tumors interpréted as suspicious by both physical exam- 
ination and mammography, and there is general agree- 
ment that à breast mass interpreted as suspicious by 
either physical examination or mammography should be 
removed by excisional biopsy. A number of loéaliza- 
tion maneuvers have evolved$? to aid removal of non- 
palpable mammographically suspicious areas. Specimen 
radiography is essential in such instances. 

There is relatively little information about the com- 
bined accuracy of physical examination and mammog- 
raphy, especially the incidence of cancer when either or 
both of these determinants is suspicious.*" There is 
even less data available about the risk of breast cancer 
when physical examination and/or mammography are 
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TABLE Í. Mammographic Criteria for Differentiating Benign 
and Malignant Changes 





Malignant 
A. Mass ^ 
1. Irregular borders 
2. Tumor calcifications 
3. Skin retraction and/or thickening 
B. Calcifications 
1. Clusters 
a. Irregular 
b. Linear 
2. Branching | 
C. Asymmetrical duct pattern 
D. Architectural distortion 
Benign Mass 
A. Visualized borders smooth 
B. Calcifications 
1. None. 
2. “Mulberry” (fibroadenoma) 
3. Peripheral curvilinear (cyst) 
C. No criterion for malignancy. 


interpreted as benign. We have reviewed our experience 
with breast cancér screening and referred patients to 
obtain more reliable indications for operative intervention 
and more accurate data for prediction of expected 
pathology. 


Methods 


We reassessed 19,928 mammographic studies and the 
accompanying physical examination, correlating these 
findings with the pathology encountered in 554 breast 
biopsies. Of the total group evaluated, 17,551 studies 
were in 10,212 asymptomatic women who participated in 
the screening program; 316 breast biopsies were per- 
formed in this group. The remaining 2,377 studies were 
of patients referred for a breast abnormality found by 
the patient or her physician; 238 breast biopsies were 
performed in this group. 

In the screening program, initial physical examina- 
tion was performed by trained radiologic technologists; 
any abnormal finding was reexamined by a physician. 
The clinical impression reported in patients with abnor- 
malities was that of the physician based on such 
criteria as mobility, consistency, skin changes, includ- 
ing retraction and edema, and lymphadenopathy. Strict 
guidelines were not imposed. 

Mammography was performed with xeroradiographic 
techniques. Radiation exposure was 2.1-2.5 rads skin 
dose per image, with an average total of about 5.1 images 
per visit. Total mid-breast radiation exposure was cal- 
culated at approximately 1.5 rads. The criteria used for 
interpretation of findings on xeromammography are out- 
lined in Table 1. 

Followup was obtained by direct contact with the 
patient's physician and review of histological changes 


LEWIS AND OTHERS 


Ann. Surg. e September 1976 


noted in the operative specimen. Correlation of physical 
and mammographic findings with biopsy results was 
then accomplished. Physical examination and mam- 
mography were each interpreted as either normal, be- 
nign, or suspicious. For our purposes, a benign mass 
on mammography located in an area remote from an 
abnormality on physical examination was of no sig- 
nificance in intérpreting the abnormality on physical ex- 
amination. Therefore, patients with a suspicious mass on 
physical examination in one area of the breast and a 
benign mass on mammography elsewhere in the breast 
but no mammographic abnormalities in.the involved area 
were considered to have a normal mammogram when 
the biopsy was of the area considered suspicious on 
physical examination. 


Results 


Of 554 breast biopsies, cancer was found in 162, a 
yield of 29% for breast biopsy. Cancer was found in 
65 of 316 breast biopsies (21%) as the result of 
screening and 97 of 238 breast biopsies (4196) in women 
referred for symptomatic changes (Table 2). 

Abnormalities considered suspicious on physical exam- 
ination and/or mammography were responsible for 442 
breast biopsies. In 83, changes were suspicious by both 
determinants. Two hundred and four were suspicious 
on physical examination alone, and 155 were considered 
suspicious on xeromammography alone. 

Of the 83 breast biopsies with suspicious findings 
on both physical examination arid mammography, 72 
demonstrated breast cancer, for a yield of 87%. Seventy, 
or 95%, had infiltrating cancer. Of.61 who had axillary 
node sampling, 22, or 36%, had metastases in axillary 
lymph nodes. Although the biopsy yield of 87% in this 
group was high (Table 2), it also represented those 
patients with more advanced cancer. 

Of 155 biopsies for suspicious changes on mammog- 
raphy alone, 50, or 32%, demonstrated breast cancer. 
Thesé results appeared independent of whether or not 
the physical examiriation was considered normal or the 
patient had a mass with benign characteristics (Table 2). 
Of the 50, 29 had invasive ductal carcinoma, 16 in situ 
intraductal carcinoma, and 5 in situ lobular carcinoma. 
Ten of 43 patients with axillary node sampling (23%) 
had metastatic involvement. . 

Of 204 patients with suspicious findings limited to 
physical examination, 34 (17%) had breast cancer. In 
contrast to the consistency of changes associated with 
suspicious findings on mammography irrespective of 
physical examination, in patients with changes con- 
sideted suspicious on physical examination, the incidence 
of malignancy appeared to have a direct relationship to 
mammographic interpretation. In 52 patients, the mass * 


Vol. 184 e No. 3 


BREAST BIOPSY 


255 


TABLE 2. Histological Changes Noted in Breast Biopsies as Related to Abnormalities Observed on Mammography and Physical Examination 


re a M e a TE A a I B AP o HH sot rrr tii e n T m en meinem 








Mammography: Normal Benign Suspicious Normal Benign Suspicious Normal Benign Suspicious 

Physical Exam: Normal Normal Normal Benign Benign Benign Suspicious Suspicious X Suspicious 
Total Biopsies 13 32 148 41 2 7 152 52 83 
Malignant 2 (15%) 0 (0%) 47 (32%) 2 (5%) 2 (8%) 3 (43%) 31 (20%) 3 (6%) 72 (87%) 
Benign 1 32 101 39 24 4 121 49 11 
Proliferative I 1 16 2 1 0 20 ] 0 
Cyst/Fibroadenoma 2 22 43 10 15 ] 36 34 3 
Other 8 9 42 27. 8 3 65 14 8 





considered suspicious on physical examination was visu- 
alized on mammography and interpreted as benign; only 
three cancers were identified for a yield of 6%. However, 
31 cancers were identified in 152 breast biopsies when 
the mammography was interpreted as normal in the 
presence of a suspicious physical examination for a yield 
of 20%. Of these 31 breast cancers, 26 were invasive 
and 9 of 29 axillary node dissections (31%) demonstrated 
nodal metastasis. In the three patients with cancer who 
had suspicious physical findings but benign characteristics 
on mammography, all had infiltrating carcinomas and 
none had nodal involvement. 

The incidence of cancer in breast biopsies performed 
for changes not considered suspicious on either physical 
examination or mammography was considerably lower. 
One hundred and twelve breast biopsies were performed 
for changes interpreted as normal or benign. Six malig- 
nancies were discovered for a yield of 596. Both cancers 
found in patients with abnormalities considered benign 
on both mammography and physical examination re- 
sulted from the removal of cystic structures with the 
identification of coexisting carcinoma in the adjacent 


. tissue. Two cancers were identified as the result of 


blind contralateral biopsies in patients with cancer 
identified in the first breast. Of 32 biopsies for nonpal- 
pable benign mammographic abnormalities, 22 had 
fibroadenomas and/or fibrocystic changes, one had 
epithelial hyperplasia, and the balance demonstrated a 
variety of insignificant histological findings. 


Discussion 


The role of mammography in the detection of breast 
cancer has been established.*" The combination of 
routine physical examination and mammography in 
asymptomatic women results in earlier detection of 
breast cancer with an increased probability of cure.*" 
The use of mammography alone for a definitive diagnosis, 
however, appears less justifiable. Despite highly enthusi- 
astic reports concerning its accuracy? and further steps 
to increase precision, including computerization,? the 
incidence of false negative reports in proven breast 
cancer! stresses the need for histologic evaluation of 


suspicious findings on physical examination in spite of 
normal mammography. 

Our results emphasize the importance of discriminat- 
ing between nonvisualization of a mass and mammo- 
graphic recognition of either a benign or malignant tumor. 
The reliability of interpretation is considerably greater for 
a visualized lesion than a nonvisualized one. In spite of 
the question concerning the clinical significance of finding 
cancers not yet detectable by physical examination," it 


appears that the mammographic abnormalities provide 


information pertinent to more accurate selection of pa- 
tients for biopsy. There remains no question about the 
advisability of excisional biopsy in all cases with suspi- 
cious findings on mammography or physical examination. 
When a palpable mass is visualized on mammography 
and free of any changes suggestive of malignancy, 
however, the incidence of malignancy is decreased con- 
siderably. 

When abnormalities noted on physical examination 
and/or mammography are considered to be benign, the 
overall incidence of cancer is 5%. Included in this group 
is an appreciable incidence of cancer coexistent with 
tumors that were correctly interpreted as benign. Never- 
theless, the recognized limitations in observer accuracy 
and the occasional occurrence of a malignancy with 
benign characteristics on both physical examination and 
mammography result in the continued tendency to biopsy 
all lesions identified on physical examination and/or 
mammography. 

To date, we have no malignancies in patients with 
nonpalpable, benign-appearing lesions on mammography. 
When considering biopsy in this group, the surgeon must 
recognize the relative inaccuracies of specimen radiog- 
raphy in lesions without calcifications or spiculations, as 
well as the remarkedly low incidence of cancer. 


Conclusions 


1) Suspicious changes on mammography justify ex- 
cisional biopsy. 

2) Suspicious changes on physical examination, even 
with normal or negative mammography, justify excisional 
biopsy. 
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3) Demonstration of benign mammographic charac- 
teristics in a clinically palpable mass appreciably de- 
creases the likelihood of malignancy. 

4) No malignancy has been identified in nonpalpable 
mammographically benign lesions. 
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DISCUSSION 


Dr. FRANCIS D. Moore (Boston, Massachusetts): We have not car- 
ried out a mass screening program ourselves. We have looked 
with great interest at others being done in other parts of the country, 
and I notice that Dr. Lewis has an overall pick-up, if my arithmetic 
is correct, of about half of one per cent. 

In my opinion, and in defending mass screening against its op- 
ponents, I have felt that that is an entirely justifiable pickup rate, 
that its expense is entirely justifiable, and that one woman in the prime 
of life found to have an unsuspected cancer that's removed when 
it’s very favorable surgically is a triumph. I would like to know 
what the cost was, the so-called cost per case, and his thoughts on 
that pickup rate. 

This paper brings up the agonizing question of what should be the 
policy on biopsy for each surgeon and each hospital. The public 
has learned about calcium in the X-ray. The patient used to come 
in and say, "Doctor, I have a mass in my breast," Now she says, 
"Doctor, I have calcium.” 

Suspicious lesions by xeroradiography or mammography certainly 
can be positive, even though negative to physical examination. We 
have made one additional rule, and that is that the calcium is not 
significant if it does not exist in an area of density change in the 
xeroradiogram. 

Again I'd like to thank Dr. Lewis, and I wish he would comment 
on those two points. 


Dr. HAstincs K. WniGHT (New Haven, Connecticut): This paper 
addresses itself to an important issue: How can we reduce the 
total number of breast biopsies, a very common operation in all 
hospitals, while increasing the per cent yield of positive diagnoses 
of cancer? 

For practical purposes, this effort requires reducing the number of 
biopsies in women thought preoperatively to have benign breast 
masses, not avoiding biopsies for false positive mammograms. Eighty 
per cent of patients coming into most hospitals for biopsy of a 
breast mass have benign disease. 

As this paper points out, and as three prospective studies by 
Fitts, by Urban, and myself in the premammogram area all showed, 
the surgeon himself is an excellent diagnostician. When he makes a 
preoperative diagnosis of benign breast disease, he is right 94% of 
the time. Unfortunately, this is not good enough. The 6% of breast 
masses where he is wrong in making a diagnosis of benign disease 
represent one fifth of all breast cancer, and probablv the most curable 
fifth. 

Now, the question is: Can mammography pick up this 6%, and 
let the other 94% off? Unfortunately, the data in this paper emphati- 
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cally say no. Mammography itself is no better than the surgeon 
when dealing preoperatively with masses thought to be benign on 
physical examination. The mammographer also misses 6%, and I sus- 
pect he misses the same 6% as the surgeon— namely, the very early 
breast cancer. 

The question then becomes, if you turn the question asked by the 
authors around, is there any role at all for mammography in the 
patient who already has a breast mass? 


Dr. JOHN R. BENFIELD (Los Angeles, California): One thrust of 
Dr. Lewis' and Dr. Darin's presentation is their accuracy of about 
87-97% in predicting bentgnancy or malignancy when there was agree- 
ment between mammography and physical examination. Even when 
there was disagreement, preoperative diagnoses based on physical 
examinations were accurate over 25 of the time. Our recently re- 
ported overall accuracy with 184 consecutive biopsies over a 2-year 
period was well over 9096 (Caffee, H. and Benfield, J. R., Data 
favoring breast biopsies under local anesthesia, Surg. Gynecol Obst. 
140:88, 1975). I am concerned that these data could engender 
diagnostic over-confidence. In fact, although Dr. Lewis recognized 
this possibility both in the abstract and in the presentation, the trend 
may already exist at his institution in that nearly 4 of the biopsies 
which were done revealed cancers while most series have about V 
cancers. Thus, our obligation to balance risks against potential 
benefit comes to the fore. The benefits of timely breast biopsy 
are self evident, and the fact that biopsies may show otherwise 
totally occult cancers is well known. Commonly, the major risk is 
general anesthesia. I believe that this risk should be minimized by 
recommending local anesthesia when the lesion is presumed to be 
benign or when a woman with a likely breast cancer is reluctant 
to give permission for definitive mastectomy. Without being an un- 
bending missionary for local anesthesia, I have used this approach 
preferentially for the past 5 years. General anesthesia is not denied 
when the patient strongly prefers it, but most women welcome. the 
simplicity of effective local anesthesia when it seems likely that biopsy 
only will be required. Women with probable cancers are advised to 
have general anesthesia with definitive operation to follow the biopsy, - 
but those who are reluctant to agree to possible mastectomy are offered 
the alternative of biopsy alone under local anesthesia which they 
almost invariably accept. Once there is a tissue diagnosis their 
unwillingness to accept definitive operations usually disappears. Sub- 
sequent mastectomy is done upon a fully staged and emotionally - 
well-prepared patient. 

In summary, I am suggesting that we use local anesthesia for 
breast biopsies in an appropriate way. This will help us to deal with 
the expanding dilemma which Dr. Lewis and his colleagues have * 
brought to our attention this morning, and the simplicity and safety 
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of the approach will counteract trends to accept less than tissue 
diagnosis as proof that breast abnormalities are indeed benign. 


Dr. J. Davip Lewis (Closing discussion): I'd like to thank all of 
the discussants for their comments. I’m in general agreement with most 
of what has been said. Our over-all pickup, as far as the screening 
project has been concerned, is 6 to 8 per thousand, which is con- 
sistent with the findings of the screening projects across the country. 

I can’t give you the specific dollar figure for the screening project 
itself. However, mammography costs approximately $55 in most of 


‘the hospitals in Milwaukee. If you combine this with physical examina- 


tion, the overall cost, then, for identifying each carcinoma is in the 


neighborhood of $10,000, which, I think, is probably fairly reasona- 


ble. 

Our incidence of pickup is considerably higher than with Pap 
smears, but I don't know the relative cost figures. 

Dr. Wright, our mammography does indeed miss a significant number 
of findings on physical examination, and I think this is something 
that needs to be recognized. Mammography is done on all of our patients 


` who are going to have breast biopsies. The reason for this is not 
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because we want to evaluate the breast mass that can be felt. We 
know that that's there, and we know something needs to be done 
about it. We want to be sure that there isn't something in the breast 
that we do not feel, and I think this really needs to be recog- 
nized as the true role of mammography. It's not to tell us what we 
feel or do not feel on physical examination; it's to find things that 
we don't feel or at least are not picking up on physical examina- 
tion. And if we can biopsy an occult breast cancer in the breast 
of a patient who happens to have a benign breast mass, we feel this 
is a considerable advantage. 

Dr. Benfield, I agree with the concept of local anesthesia. I use 
local anesthesia in approximately 80% of the breast biopsies I do, and 
have found that it works out quite satisfactorily. 

I might mention that our incidence of breast cancer per biopsy 
is affected appreciably by the number of referred patients we in- 
cluded in this study. This is not just a result of the screening 
project, and we have in excess of 2,000 patients who have had, or 
who have been referred for masses already considered suspicious. 
The study is, from a charity hospital, and involves patients who 
frequently show up with relatively advanced cancer, increasing our 
incidence of cancer per biopsy. 
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The concept of whether immune function was related to risk of 
recurrence was examined in patients with operable breast cancer 
in whom careful clinical and pathologic staging had been per- 
formed. Patients were classified according to the risk of 
recurrence. The '*low risk"! group included patients with minimal 
breast cancer, noninfiltrating cancer, or infiltrating cancer <1 
cm with negative nodes. The **high risk” group included patients 
with lesions ^1 cm or who had =4 nodal metastases or who 
had macrometastases at Level H or III (apex). In the ‘‘intermedi- 
ate risk" group were patients with infiltrating cancer «1 cm or 
with <4 nodal metastases at Level I only. Immune reactivity 
was assessed by skin tests, by measurement of absolute lympho- 
cyte count, T and B cells, lymphocyte stimulation by mitogens 
and a battery of common antigens, serum immunoglobulins and 
complement levels. There were 134 patients with operable 
breast cancer and 63 patients with benign breast lesions. The 
breast cancer patients showed minimal or no impairment of 
DNCB skin tests. Only patients with nodal metastases showed a 
slight but not significant impairment of DNCB responses (8096 
were DNCB positive compared to 90% in the controls). The 
lymphocyte responses to mitogens were normal in the breast 
cancer patients, but there was a significant depression of lympho- 
cyte responses to certain recall antigens such as Candida albicans 
and E. coli. The absolute lymphocyte count and the T cell counts 
were normal, but B cells bearing complement receptors were 
decreased and B cells bearing surface immunoglobulins were 
increased in the breast cancer patients. Analysis of immune 
function according to the pathologic stage of disease ‘‘risk of 
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recurrence" categories showed no correlation with skin tests or 
lymphocyte levels. A striking and paradoxical finding was the 
demonstration that patients with ''low risk" cancer overall 
had markedly lower responses to the battery of stimulating 
mitogens and antigens than found in patients with ‘‘high risk’’ 
or ''intermediate risk’’ disease. Only the lymphocyte response 
to PHA showed a significant linear correlation with increas- 
ing pathologic stage or ‘‘risk of recurrence." Current evidence 
from this study suggests that PHA response is markedly in- 
fluenced by the primary tumor burden and thus indirectly re- 
flects the risk of recurrence. 


HE PROGNOSTIC DETERMINANTS in patients with 

operable breast cancer can be described in terms 
of tumor factors and host factors. Tumor factors are 
directly related to the biologic aggressiveness of the 
cancer and can be described in terms of histology 
and pathologic extent of disease (Table 1). Host factors 
are those that influence tumor resistance and have been 
demonstrated morphologically as round cell infiltration of 
the primary tumor, sinus histiocytosis in lymph nodes, 
and other patterns of lymph node reactivity (Table 2). 
Attempts to measure specific host tumor reactions have 
included the skin window technique,? and skin testing 
with breast cancer extracts!** and measurements of the 
patient’s responses to breast cancer antigens by lympho- 
cytes*!4-45 or humoral antibody.?/7?? General immune rz- 
activity has been measured by skin testing with commen 
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TABLE 1. Tumor Factors 


Histology 
Infiltrating, Non-infiltrating Cancer 
Nuclear Grade, Vascular or Lymphatic Invasion 
Pathologic Stage 
Primary Size 3 cm =3 cm 
Node metastases 
Number: 0, 1-3, 24 
Axillary Level: I, II, III 
Amount: Micro vs macrometastases 


antigens??-?»3? or by measuring the dermal response to 
de novo sensitization by chemicals such as DNCB.!97? 
In vitro methods have included méasurement of periph- 
eral lymphocyte counts? and lymphocyte subpopula- 
tions?53* or lymphocyte stimulation studies!2293942 and 
have shown great variability in results. Marked depres- 
sion of PHA response has been reported by some 
WwüOrkers,*? whereas minimal or no depression has been 
reported by others. | 

In this study we have compared detailed measurements 
of general immune reactivity in malignant and benign 
breast disease, and have correlated these firidings with the 
pathologic stage of disease in the cancer patients. We 
have attempted to determine which measures of general 
immune reactivity correlated best with the “‘risk of re- 
currence’ as determined by the pathologic extent of 
disease. 


Pathologic Stage of Disease— Concept of **Risk" 
Retrospective Findings 


Pathologic factors that have shown a major correla- 
tion with recurrence and survival rates have included 
the histology and size of the primary lesion and the 
number and level of axillary nodal metastases (Tables 
3 and 4). In patients with infiltrating cancer but with- 
out nodal metastases the 18 month recurrence rate was 
6%. In those with 1 to 3 nodal metastases 16 to 19% 
had recurrence and in those with >4 nodal metastases 
45% had recurrence at 18 months.!??! The extent of 
nodal metastases was also important. Patients with 
micrometastases (<2 mm) did better than those with 
macrometastases (22 mim). In patients with macro- 
metastases at Level I the 8-year survival was 62% com- 
pared to 9496 if only micrometastases had occurred at 


TABLE 2. Measurable Host Factors 


Absolute Lymphocyte Count 
Primary Tumor— Round Cell Infiltration 
Lymph Node Pattern— Sinus Histiocytosis 
Other Patterns: Lymphocyte Predominance 
Germinal Center Predominance 
Unstimulated 
Lymphocyte Depleted 
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TABLE 3. Operable Breast Cancer 











5 Yr Survival 
. NED 
| | | After Radical 
Prognostic Determinants Patients Mastectomy* 
Tumor Factors Histology: 
Non-infiltrating Cancer 97 94% 
Infiltrating Cancer 927 69% 
Stage- Axillary Node Metastases l " 
None 342 82% 
Level I 124 - 61% 
Level II 85 46% 
Level III ` 83 32% 
Total Axilla Positive (292) 50% 
Amount of Nodal Metastasest Micro Macro 
Level I. 94% 62% 
Level III 59% 29% 


* Urban, J., Cancer 37:111, 1976.37 
1 Huvos et al., Ann. Surg. 173:44, 1971.1* These are 8 year survival 
figures. 


that level. The survival in patients with macrometastases 
at Level III. was only 29% compared to 59% in those 
with micrometastases. Using data from these clinico- 
pathologic studies we have constructed a table of ‘‘risk 
of recurrence’’ in which there are three categories based 
on the pathologic extent of. disease (Tablé 5). Because 
of the strong correlation of the pàthologic stage with 
known recurrence and survival rates, this table provides 
a reasonable assessment of future prognosis, and as such 
can serve as a standard for analyzing the multiple 
variables of immune reactivity that we have measured. 


Materials and Methods - 


Skin Tests. Patients were tested for pre-existing 
delayed hypersensitivity to Dermatophyton-0 (1:100, 


TABLE 4. Prognostic Determinants 


Recurrence | 
l Rate Survival Rate 
Prognosis According ——————- ———— 
to Extent of 18 5 3 10 
Nodal Involvement months years years years 
Negative Nodes 
Fisher (1964-69) 5% 21% 76% 
MSKCC (1964-74) 6% 19% 80% 73% 
1-3 Positive Nodes 
Fisher 16% 49% 61% 
MSKCC 19% 41% 7096 50% 
4+ Positive Nodes 
Fisher 44% 81% 31% 
MSKCC | 45% 68% 37% 22% 
Total With Positive Nodes 
Fisher 30% 66% 46% 
MSKCC 30% 50% 54% 38% 


Fisher, Review of 2300 patients, 1969. 
Rosen, Urban, Mike, Review of 291 patients, 1975. 
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TABLE 5. Breast Cancer Tumor Factors—Concept of “Risk” 


Pathologic Extent of Disease-——‘‘Risk’”’ 


I. *Low Risk’’ (minimal breast Ca) Infil. cancer «3 cm, neg. nodes Non-infiltrating cancer 


II. "Intermediate Risk” 1-3 nodal metastases Macrometastases level I* 


IH. “High Risk’’ >4 nodal metastases Macrometastases level II or III* 


Constructed from data of Rosen, Urban, Mike 1975. 
* Huvos 1971. 


Hollister Stier Laboratories, Yeadon, Pa.), mumps 
skin test antigen (Eli, Lilly and Co., Indianoplis, Ind.), 
intermediate strength tuberculin (Parke-Davis Co., 
Detroit, Mich.) and streptokiriase/streptodornase (Le- 
derle Laboratories, Pearl River, N.Y.). The antigens 
were injected intradermally in volumes of 0.10 ml. The 
tests were read at 48 hours and considered positive 
when the.diameter of induration was 5 mm or more. 

Sensitization and challenge with 2,4-dinitrochloroben- 
zene (DNCB) was carried out according to the method 
of Eilber and Morton.'?^ DNCB 2000 mg dissolved in 
0.1 ml of acetone was applied to the inner aspect of 
the upper arm, within the confines of a plastic ring 
measuring 2 cm in diameter, and allowed to evaporate. 
It is rare for patients or controls to show de novo 
sensitivity to this dose at 48 hours. Prior hypersensi- 
tivity to DNCB was excluded by control testing with 
100 ug and 25 ug DNCB in 0.1 ml acetone applied 
simultaneously tó the ipsilateral forearm and read at 48 
hours. All testing sites were covered for 48 hours and 
kept dry. All sites were examined for erythema and 
induration after two weeks. If there was no reaction 
at the 100 and 25 ug sites, the patients were re-challenged 
on the ipsilateral extremity with 100, 50 and 25 yg 
of DNCB. The reaction was considered positive if there 
was induration of 5 mm or greater at 48 hours at the 
challenge sites. In the breast cancer patients the thigh 
was frequently used. 


In Vitro Tests 


Stimulation of Lymphocytes by Mitogens arid Antigens. 
Lymphocyte transformation in vitro was performed using 
a micro method. Lymphocytes were obtained from 
heparinized blood on Ficoll- Hypaque (‘‘Lymphoprep’’) 
density gradients, and resuspended in RMPI 1640 with 
Hepes buffer, glutamine (0.25 mg/cc), penicillin 10 units/ 
cc, streptomycin 10 units/cc, heparin 10 i.u./cc, and 1596 
pooled normal human serum. Lymphocyte culture was 
performed in flat bottom microtiter plates (Falcon #3040) 
by adding 100,000 lymphocytes in 200A of media. 
Transformation of lymphocytes was measured in terms of 
incorporation of C^ thymidine which was added after 


NED | 
10 Yr. 


Pts. Recurrence Survival 
Rate 18 Mo. S5 Yr. 


696 8096 7396 
19% 10% 50% 
<62% 

45% 37% 22% 


72 hours (for mitogens) or 120 hours (for antigens) and 
then incubated 24 hours. Cultures were performed in 
triplicate. Dilutions of mitogens or antigens which had 
been prepared in advance and stored at —20° were freshly 
thawed and were added to the cultures in 25 À volumes. 
The concentrations of mitogeris used were phytohemag- 


glutinin (PHA-P) 500, 250, 50, 10 and 5 mcg/ml, con- 


conavalin A (Con A Difco) at 125, 42, 15 and 5 mcg/ml, 
pokeweed mitogen (PWM Gibco) at 2000, 400, and 80 
mcg/ml. The following antigen preparations were used 
in tenfold dilutions (four dilutions each): Candida al- 
bicans (Hollister Stier Laboratories) 1:10 dilution, strep- 
tokinase/streptodornasé (Lederle) 25,000 units in 2 ml, 
Staph aureus 1 x 10° organisms/ml, heat inactivated, 
E. coli 1 x 10° organisms/ml, heat inactivated, mixed 
bacterial vaccine (MBV) 1:10 dilution, mumps antigen 
(Lilly mumps skin test antigen) 1:10 dilution. 

T Lymphocyte Rosettes (E-R). T lymphocyte rosettes 
in the peripheral blood were determined by a modifica- 
tion of the method of Jondal.” Equal volumes (0.1 ml) 
of a lymphocyte suspension (3 x 10? cells/ml) and a sus- 
perision of washed sheep red cells (SRBC 0.5%) were 
mixed with 0.1 ml of human AB serum previously . 
absorbed with RBC of the same sheep. The mixture 
was rotated at 20 rpm in a waterbath at 37° for 5 minutes, 
thën centrifuged at 50 ug for 5 minutes, and finally 
left at 4? for 18 hours. A drop of trypan blue was 
added, the cells were resuspended with a Pasteur pipetee, 
and the rosettes were counted in a hemocytometer. 
Two hundred viable cells were counted and big (three 
or more RBC) and small (one or two SRBC) roseties 
were recorded. Each test was done in triplicate. 

B Lymphocyte Rosettes (EAC-R). B lymphocytes were 
determined as C? receptor lymphocytes, using a modifi- 
cation of the technique described by Bianco.? Human 
A-1 erythrocytes (E) were sensitized with inactivated 
rabbit anti-A-1 serum at 37° for 30 min with frequent 
shaking. Sensitized cells (EA) were washed with culture 
medium in the cold and a 5% EA suspension was 
diluted in 1:10 in C*-deficient AKR mouse serum, and 
the mixture (EAC) was incubated for 30 min at 37? and 
then washed in the cold. Equal volumes (0.1 ml) of 
lymphocytes (3 x 105 ml) and EAC (0.5%) were mixed 
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and rotated at 20 rpm in a waterbath at 37° for 30 min. 
The cells were resuspended, shaken on a vortex shaker 
and placed in an ice bath, a drop of trypan blue was 
added, and rosettes were counted within 30 min. Inges- 
tion of latex particles was used as a marker for ex- 
cluding phagocytic monocytes.’ Two hundred living cells 
were counted, and large and small rosettes were recorded 
separately. 

B Lymphocytes Bearing Surface Immunoglobulins.” 
Approximately 10° lymphocytes in 0.025 ml of phos- 
phate-buffered saline with 3% bovine serum albumin 
(BSA-PBS) were mixed with 0.025 ml of fluoroscein- 
conjugated polyvalent Ig-antiserum (purchased from 
Behring Diagnostics) in the presence of 0.02% sodium 
azide and kept in an ice bath for 30 min. The cells 
were washed in the cold four times with BSA-PBS 
containing 0.02% sodium azide. A drop of the cell 
suspension on a slide, covered with a cover-glass 
and sealed with nail polish, was examined under a Leitz 
fluorescence microscope. Phase contrast microscopy for 
identification of cells and examination under ultraviolet 
light were carried out on the same preparations. A mini- 
mum of 200 lymphocytes was examined on every slide. 
Cells showing intracellular fluorescence in the form of a 
dense fluorescein deposit were considered non-viable 
and were not counted. 

Pathology. Surgical specimens were examined micro- 
scopically to determine the size of the primary lesion 
and the presence of nodal metastases. Levels of axillary 
nodes were designated by the surgeon at the time of 
the operation. Level I refers to lymph nodes lying 
lateral to the pectoralis major muscles; level II encom- 
passes lymph nodes beneath the pectoralis minor muscle; 
and the level III Iymph nodes are those located to the 
medial border of the pectoralis minor. Histologic exam- 
ination concentrated on evidence of multicentricity, in- 
vasion of vein or lymphatics and the presence of cellular 
infiltrates. Lymph nodes were evaluated for micro (less 
than 2 mm) or macro (greater than 2 mm) metastases 
and the presence of sinus histiocytosis or follicular 
hyperplasia. 


Results 


Patients. A total of 134 patients with breast cancer and 
63 patients with benign breast lesions were studied. 
The mean age+1 S.E. was 57.1+1.1 years in the 
patients with cancer and 45.9 + 1.4 years in the group 
with benign lesions. The median age was 55 years and 
44 years, respectively. In the malignant group 27% 
were premenopausal, and 73% were postmenopausal. 
In the benign patients these results were 44% vs. 56%. 
Nine per cent had non-infiltrating cancer and the rest 
had infiltrating cancer, mostly of the ductal type. Pa- 
tients were classified according to the TNM system and 
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TABLE 6. Correlation of Pathologic Extent of Disease with 
Skin Test Responses 








Intradermal 
Antigens 
DNCB No. of Positive 
Classified According to Responses 
Pathologic Extent of Total i 
Disease—‘‘Risk’’ Patients DNCB+ 0-1 2-3 4 
I. "Low Risk" 22 20 (9196)  3896-. 52% 10% 
II. "Intermediate Risk” 39 30 (77%) 35% -55% 10% 
III. "High Risk” 28 25 (89%) 43% 43% 14% 
Total 89 75 (84%) 


staged according to the combined system (Americar 
Joint Committee and International Union Against 
Cancer); 71 patients were Stage I, 43 patients were 
Stage II and 20 patients were Stage III. Patients were 
classified into the general histologic types of non-in 
filtrating cancer (11 patients), infiltrating cancer, withou 
node metastases (80 patients) and infiltrating cancer witl 
node metastases (43 patients). One hundred. and three 
patients were also classified in terms of prognosi: 
according to the pathologic extent of disease into three 
defined risk groups suggested by Fisher's data.’ 

Group I consisted of patients with ‘‘low risk cancer,’ 
noninfiltrating cancer, low grade infiltrating cancer (col 
loid, medullary, tubular), or infiltrating cancer <1 cm 
without nodal metastases. Group II consisted of patient: 
with ‘‘intermediate risk'' cancer and included those whe 
had a primary lesion >1 cm, without nodal metastase: 
or a primary lesion of any size associated. with one t« 
three microscopic node metastases at any level or tw« 
macrometastases at level I and no macrometastases a 
level II or III. In group III were patients with higl 
risk cancer and included those who had four or mor 
microscopic node metastases, three or more macroscopk 
nodal metastases at level I and any macroscopic noda 
metastases at levels II or III. There were 27 patient: 
in group I, 45 patients in group II and 31 patients 1 
group III. | 

Skin tests for delayed hypersensitivity. The DNCE 
test was positive in 10 of 11 patients with benigi 
lesions (91%); 8 of 9 patients with non-infiltrating cance 
(89%), 23 of 25 patients with infiltrating cancer withou 
nodal metastases (89%) and 55 of 69 patients with in 
filtrating cancer and axillary metastases (80%). The dif 
ferences in DNCB responses were not significant, no 
were there any significant differences in the responses tt 
common antigens. 

Skin test responses to DNCB and intradermal anti 
gens were evaluated in the breast cancer patients ac 
cording to their pathologic stage (extent of disease 
or ‘‘risk category" (Table 6), There was not a direc 
correlation of DNCB responsiveness with progressinj 
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FABLE 7. Immune Reactivity —Operable Breast Cancer Lymphocytes and Lymphocyte Subpopulations 


Absolute Lymphocyte 
Count (cells/mm?)* 


Breast Disease 


Cancer 
# Patients 71 2107 x 157 
Benign 
# Patients 56 2213 + 152 
Probability Difference by T-Test NS 
* Mean x S.E. 


stage of disease. The frequency of DNCB responsiveness 
according to the risk category was 91% in the ‘‘low 
risk” patients, 77% in the ‘‘intermediate risk” patients 
and 89% in the ''high risk” group. None of the dif- 
ferences in DNCB responses nor in the intradermal 
responses were significant. 


In Vitro Tests —Benign vs. Malignant Breast Disease 


Lymphocytes and Lymphocyte S ubpopulations. There 
were no significant differences between the breast can- 
cer patients and those with benign disease in either the 
absolute lymphocyte counts (2107 + 157 cells/mm?) vs 
2213 + 152 cells/mm?), or in the per cent T cell counts 
(87.1 + 0.83 vs 88.2 + 0.95) (Table 7). There was no 
significant difference between the two groups in EAC 
rosetting cells (11.0 vs 13.2, P = 0.07). There was a 
significant increase in the number of S-Ig bearing cells 
in the breast cancer group (11.6 20.8 vs 9.6 + 0.7) 
(P « 0.05). 


Lymphocyte Stimulation Responses to Mitogens and 
Antigens (Benign vs. Malignant Breast Disease) 


There were no significant differences in the mean 
maximum lymphocyte response to the mitogens (PHA, 
PWM, Con A) between the malignant and benign 
breast groups (Table 8). There were differences in the 
lymphocyte responses to certain antigens of which 


TABLE 8. Lymphocyte Response to Selected Mitogens and Antigens* 


Benign Malignant 
(57 Patients) (71 Patients) P value 
Mitogens 
PHA 27.6 + .72 25.6 x .88 NS 
CON A 26.0 + .78 24.1 + .83 NS 
PWM 17.8 x .74 17.1 x .69 NS 
Antigens 
Candida albicans 6.1 + 1.2 4.8 + 1.0 NS 
Low respondert 12 (23%) 31 (43%) <0.05 
E. coli 3.12 .31 2.6 + .30 NS 
Low responder 22 (42%) 48 (66%) <0.05 


* Stimulation values = CPM x 1000. (Mean + S.E.) 
t Stimulation values = «2.5 CPM x 1000. 


T Cell B Cell B Cell (Surface 
(E Rosettes)* (EAC Rosettes)* Immunoglobulins)* 
% % % 
87.1 + 0.83 11.0 + 0.7 11.7 +0.8 
88.2 + 0.95 13.2 + 0.99 9.62 + 0.7 
NS NS 0.05 


stimulation with Candida albicans and E. coli showed the 
clearest differences between the cancer and the benign 
patients. A significantly greater proportion. of the cancer 
patients were in the ‘‘low responder’’ group, and had 
CPM less than 2500 in response to both Candida albicans 
and E. coli (P < 0.05). There were no significant dif- 
ferences between the malignarit and benign breast group 
if one compared only the mean maximum CPM of 
either candida albicans or E. coli. 

Lymphocyte Count and Lymphocyte Subpopulation in 
Breast Cancer Subgroups. There were no differences 
in absolute lymphocyte counts or in the percentage of 
T cells, EAC rosettes or B cells bearing surface immuno- 
globulins when patients with nodal metastases were com- 
pared to those without nodal metastases. When the breast 
cancer patients were classified according to extent of dis- 
ease (pathologic stage), there were slight but not signifi- 
cant decreases in the absolute lymphocyte counts in the 
patients with high risk lesions compared to those with 
low risk lesions. There were no differences in the per- 
centages of T cells, EAC rosettes or surface immuno- 
globulin bearing cells (Fig: 1). 

Lymphocyte Stimulation Responses in Breast Cancer 
Subgroups. The lymphocyte responses were analyzed in 
the patients with infiltrating cancer according to the 
presence or absence of nodal metastases. The mean PHA 
response was slightly diminished, whereas Con A and 
PWM responses were slightly increased in the patients 
with infiltrating cancer who had nodal metastases com- 
pared to the patients with negative nodes (not significant). 
The lymphocyte responses to common antigens were 
generally increased in the group with nodal metastases 
(not significant). 

A similar analysis was made of the results in the 
breast cancer patients when they were classified accord- 
ing to pathologic stage of disease (risk). Lymphocyte 
stimulation with mitogens showed a linear decrease 
in response to PHA with increasing stage of disease. 
There were increased responses to Con A and PWM 
in patients with “‘high risk” breast cancer (Stage III) com- 
pared to those with ‘‘low risk’’ lesions. Lymphocyte 
responses to antigens were generally increased in the 
patients with ‘‘high risk’’ cancer except for the responses ` 
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to Candida albicans. The data was best analyzed by 
constructing a standardized score for all of the parameters 
tested which facilitated simultaneous comparison of 
results (Fig. 2). The Standardized Score was calculated 
as follows: for each parameter the grand mean of 
_all groups was subtracted from the ‘‘risk’’ group means 
and the differences divided by the pooled estimate of 
the standard deviation. This placed all the parameters on 
a comparative scale and permitted comparison of trends. 
Figure 2 shows the relationships of the standardized 
scores of lymphocyte stimulation values between pa- 
tients with ‘‘low risk," ‘‘intermediate risk’’ and ‘“‘high 
risk” operable breast cancer. There was a linear de- 
crease in the PHA scores in patients with increasing 
stage of disease (increasing risk) (P « 0.05). In contrast, 
although there was a decrease in the scores of PWM, 
Con A and the common antigens between the benign 
group and the patients with low risk cancer, there was a 
generalized increase in these standardized scores in 
patients with intermediate and high risk breast cancer. 
A ''V-shaped"'' pattern existed for the scores of certain 
tests —PWM, E. coli, Staph aureus and MBV—when 
one plotted the scores of the benign patients, and the 
cancer patients in the low risk and high risk groups 
(P « 0.05 for each score). 

Clinical Followup of Breast Cancer Subgroups (Tables 
9 and 10: Preliminary evaluation of patient subgroups 
who had 18 month followup showed that the recurrence 
rates in each pathologic stage or ‘‘risk’’ category 
paralleled the expected rate as predicted from historical 
data shown in Tables 4 and 5. There were no recurrences 
in 25 patients with Pathologic Stage I (low risk) but the 
recurrence rate increased in Stage II (6 of 34) and Stage 


III (15 of 36) (Table 9). The relationship of low PHA to 
recurrence and survival in individual patients is shown 
in Table 10. Thirteen of 70 patients had a preoperative 
maximum PHA stimulation of «20,000 cpm (the tenth 
percentile figure in a control group of normal persons.) 
(Ten patients were in Stage II and HI). Thus far at 18 
months of followup there have been 8 recurrences (three 
in Stage II, five in Stage IID. Only one of these pa- 
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TABLE 9. Survival and Recurrence in Study Group (18 Mon) 





Extent of Disease 





Stage “Risk” Patients NED  Recur. DOD 
I “Low Risk’ 25 25 0 0 
II ‘Intermediate Risk’ 40 34 6 3 
HI ‘High Risk’ 36 21 1S 3 





tients with recurrence had a preoperative PHA < 20,000 
cpm. 


Discussion 


Patients with operable breast cancer showed some 
impairment of cellular immune function as measured by 
skin tests and in vitro immune parameters. DNCB re- 
activity was almost normal in breast cancer patients 
without nodal metastases (89%) and was slightly re- 
duced in patients with infiltrating cancer who had nodal 
metastases (80%). There was no further depression in 
patients with Stage III cancer, the ‘‘high risk’’ group, 
who had greater local extent of disease. The frequency 
of DNCB responders in breast cancer patients was 
strikingly higher than what we have observed in patients 
with other operable cancers of the head and neck, lung 
and rectal colon who were tested in similar fashion.??49 
Breast cancer patients had normal lymphocyte levels, and 
T cell counts, but had different B cell levels than their 
benign counterparts. In the cancer patients the numbers of 
B cells bearing surface immunoglobulins (S-Ig) were 
increased, whereas the B cells carrying complement re- 
ceptors were decreased in comparison to the benign 
group. There were also differences in B cell levels 
measured by these two techniques within the benign 
and malignant breast groups. In the benign patients 
the number of complement receptor lymphocytes (CRL) 
was significantly higher than the number of lymphocytes 
bearing surface immunoglobulins (S-Ig). In the cancer pa- 
tients B cell measurements by both techniques gave 
similar results. The meaning of the differences in B cell 
levels between these patient groups is not determined. 
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The increase in lymphocyte bearing S-Ig in the breast 
patients will require further analysis because in this 
technique determination of B lymphocytes by antisur- 
face immunoglobulin fluorescence using whole immuno- 
globulin reagents has been shown to overestimate the 
true number of B lymphocytes*! and may be detecting 
a third lymphocyte population termed K cells. 
Lymphocyte stimulation studies with mitogens and a 
battery of antigens showed selected differences between 
the benign and breast cancer groups. The breast cancer 
patients showed significant impairment in their response 
to certain antigens—Candida albicans and E. coli. 
There were no significant differences in the mitogen’ 
responses (PHA, PWM, Con A) when the benign pa- 
tients were compared to the total breast cancer group. 
When the breast cancer patients were segregated into 
groups according to the pathologic extent of disease 
(‘‘risk’’) there were significant differences in the lympho- 
cyte response to certain mitogens and antigens. The 
analysis of these results was greatly facilitated by con- 
verting the lymphocyte stimulation values to a stand- 
ardized score which allowed simultaneous comparison of 
10 variables of lymphocyte function within three cancer 
subgroups. Only lymphocyte stimulation with PHA 
showed a linear decrease with increasing stage of disease. 
Certain lymphocyte responses actually gave a ''V- 
shaped’’ pattern and showed maximum depression in 
patients with Stage I cancer and then a paradoxical 
increase in patients with Stage II and III cancer. 
These findings occurred with the mitogens PWM and 
Con A, and with the antigens Staph aureus, E. 
coli and MBV. These findings suggest that in breast 
cancer patients nodal metastases and more extensive 
local disease may be associated with stimulation of certain 
lymphocyte responses. Indeed, Whitehead et al. have 
reported that a significant depression of T cell levels 
existed in Stage I and II breast cancer whereas in 
Stage III patients the values had returned to the normal 
range.*! Although we did not observe these differences 
in our measurements of T cell levels, these results mimic 
our findings with lymphocyte stimulation studies (most 
antigens and mitogens gave a paradoxical stimulation in 


TABLE 10. Relation of Early Recurrence to ‘‘Low PHA’’* 


PHA Tests Recurrenceft 
Extent of Disease No. Patients No. Patients 
Total No. with PHA with PHA 
Stage "Risk Category" Patients «20,000 Total «20,000 cpm 
I “Low Risk” 18 3 0 0 | 
II "Intermediate Risk” 34 5 3 0 
Ii "High Risk" 18 5 5 1 


* PHA <20,000 cpm. 
t 18 month followup. 
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Stage III). Fisher et al. have found that in lymphocyte 
stimulation studies with diluted PHA lymphocytes from 
the lowest axillary nodes (closest to the tumor, had 
much higher stimulation responses than found in lympho- 
cytes from high axillary nodes (further removed from the 
tumor), or in peripheral blood lymphocytes.? Lympho- 
cytes from the high axillary nodes gave stimulation values 
similar to peripheral blood lymphocytes. Similar findings 
have been reported by Ellis et al. who tested lympho- 
cytes in the peripheral blood and regional nodes of breast 
cancer patients using a breast cancer extract and a 
macrophage inhibition test and found greater reactivity 
in peripheral node lymphocytes than in the peripheral 
blood.!! These studies suggest that regional node lympho- 
cytes adjacent to primary breast cancer may be in a 
state of chronic stimulation. There may also be increased 
stimulation of peripheral blood Ivmphocytes in patients 
with locally advanced breast cancer. In our study periph- 
eral blood lymphocytes cultured with the majority of 
antigens and mitogens did show an increase in stimula- 
tion values in patients with the greatest tumor burden 
(‘high risk" group). The apparent general increase in 
lymphocyte function as shown by lymphocyte stimulation 
studies in patients with locally advanced (Stage III) 
breast cancer is reversed in patients who developed 
visceral metastases. These patients often show profound 
depression of lymphocyte function (unpublished observa- 
tion). There seems to be a fine balance in the host-tumor 
relationship in breast cancer patients in whom an in- 
crease in local tumor burden is associated with general 
lymphocyte stimulation, whereupon a further increase in 
tumor burden by visceral dissemination is associated 
with depression. 

The most striking feature in our study has been the 
demonstration that only lymphocyte stimulation studies 
with PHA showed a linear decreased response in the 
patients with increasing stage of disease or "risk" 
category. The lymphocyte population affected by PHA 
may be uniquely sensitive to increasing tumor burden. 
A major question now is whether this test has any 
prognostic value beyond its being a general reflector of 
tumor burden. Preliminary followup results show that the 
‘‘risk’’ categories as defined pathologically do reflect the 
recurrence rates predicted from previous historical data 
(Table 9). At this point in followup, 8 patients (of 70 
with PHA values) have developed recurrence, and the 
majority were in Stage III (‘‘high risk" category). Only 
one had low PHA values (PHA < 20,000 CPM) as 
previously defined. Conversely, in the overall group of 
13 patients who had low PHA values preoperatively 
(mainly in Stage II and III) only this single patient 
has developed early recurrence (Table 13). These ie 
are preliminary but suggest that although the PH 
lymphocyte stimulation test is a reasonable indicator 
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tumor burden and extent of disease in a population of 
patients with breast cancer, it is not, per se, an indicator 
of individual early recurrence. There are many other 
causes of a low PHA in addition to the cancer, i.e. 
alcohol, viral infections.9:3?39 None of these causes was 
manifested during the time of this study, however. It 
would be important to know whether in individual 
patients a low PHA returned to normal after removal of 
the cancer. An important question here is whether there 
is a difference in recurrence in patients whose post- 
mastectomy lymphocyte function tests return to normal 
compared to these patients whose tests were persistently 
low. Sequential testing of lymphocyte function in individ- 
ual patients is necessary to determine whether lympho- 
cyte stimulation with PHA or other mitogens, and anti- 
gens (including allogeneic lymphocytes) is relevant to in- 
dividual recurrence. We are currently involved in such. 
a testing program. 
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DISCUSSION 


Dr. C. BARBER MUELLER (Hamilton, Ontario): The authors have 
identified small tumors as their low-risk group, and compared 
them to large tumors as their high-risk group, and today I would like 
to suggest to them that they reevaluate their data, using the young 
women as the low-risk group and the old women as the high-risk 
group. I make this recommendation on the basis of some data 
available to me over the past year from a study of 3,500 women 
with cancer of the breast, and I would like to show vou three slides. 

When divided into three age groups, the rates of dying from all 
causes are markedly different. The top line has approximately 1,200 
women in it, the middle line 1550, and the lower line 800. The 
older women have more likelihood of dying from competing risks, 
and our study has shown that they have a slightly greater percentage 
of Stage III cancers at diagnosis. Both factors increase the rates of 
dying. 

When competing risks are eliminated, and the causes of death 
due to breast cancer only are plotted, the older women still die at a more 
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rapid rate. The confidence limits at the 0.95 level are shown in this 
graph. The same number of women are at risk at time 0 as in the 
first slide. 

When the advanced stages are removed, and competing risks also 
removed by using Stage I cases only, and deaths due to breast 
cancer only, the mortality graph looks like this. The older women still 
seem to be the high-risk group. It is obvious that the young women are 
at low risk, for more than half of this youngest group have survived 
longer than 20 years, with the same stage, the same operation, 
and the same cell type as that in the older women group, whose 
half-survival time is approximately 7 years. 

It is currently attractive to postulate that the immune defense 
mechanisms are related either to tumor aggressiveness or somehow 
related to the age of the patient. If so, the use of age to define 
the risk category may expose differences in the authors' data which 
are not present when the tumor size is used as the reference point. 


Dr. DONALD LEE Morton (Los Angeles, California): I would like 
to raise two points. The first is that our general impressions of most 
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of these tests of immune reactivity in the preoperative cancer patients 
is that they are a manifestation of tumor burden. That is, the tumor 
itself is the cause ofthe immunosupression observed. This means, then, 
that patients that have marked depressions of their immune reac- 
tivity are those who, at the time they present themselves for surgical 
therapy, are most likely to have a larger body burden of tumor. 

Now, the. second aspect of this is the one that Dr. Mueller 
responded to, that the normal, baseline immune reactivity for any 
particular age group differs, and, in general, there is declining immune 
réactivity with advancing age. This means that, in these types of 
studies where one is comparing normal individuals or individuals 
with benign breast disease, with those with breast cancer, it's 
absolutely essential that the patients be age matched. 

Now; finally, I might say that we have great difficulty today 
doing these types of studies in which one looks at immune reactivity, 
then treats the patient with surgery, and sees what happens. And the 
reasori for this is that most of our patients now are receiving adjuvant 
chemotherapy and/or immunotherapy, which would be expected to 
change the natural history of the disease as we had originally ob- 
served following surgical treatment alone. 

So I would like to ask Dr. Wanebo how many of his patients have 
received postoperative adjuvant therapy, and how he thinks this might 
influence his results. 


Dr. HAROLD J. WANEBO (Closing discussion): I want to thank the 
discussants for the questions that they have raised. | 

Dr. Mueller's question is extremely important in that age obviously 
has a major relationship to the prognosis. We have analyzed age 
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versus pathologic extent of disease (risk) and have not found a significan 
difference among the three groups. Age was also analyzed versu: 
individual parameters and there was no difference. The sampk 
sizes are small however, especially when broken down into the sub. 
groups of risk. We would need a larger sample size to really 
answer the question. 

In comparing the control group with the breast cancer patients 
there was a slight difference in the age of benign patients com 
pared to breast cancer patients. The mean age was about 10 year: 
younger in the benign patients. All of these patients were studied a 
the same time, however, and there was not a distinctive difference 
in immune responses between the two except for the distribution o! 
responses to certain antigens E. coli and Candida albicans (which were 
depressed in the breast cancer patients.) Surprisingly, there were only 
small differences in the immune responses between the benign anc 
cancer patients. l 

We would agree with some of Dr. Morton’s statements. We think 
that these immune tests of function are limited and in fact really 
are quite primitive. They probably at best give only ‘general indica 
tions of a patient’s true immune function. We think that depressior 
of these tests is mainly a biologic reflection of the general tumoi 
burden. l 

In response to patients who were on adjuvant therapy, this is : 
distinct problem in any kind of study like this. There were about 1( 
patients in our group—this was in early '74—that had been startec 
on an adjuvant program. The adjuvant program consisted of Levamaso 
versus chemotherapy. The question whether this therapy had any rela: 
tionship to subsequent recurrences cannot be determined at thi: 
point. 


Limb Salvage from a Multidisciplinary Treatrnent Approach 
for Skeletal and Soft Tissue Sarcomas of the Extremity 


DONALD L. MORTON,* FREDERICK R. EILBER,* COURTNEY M. TOWNSEND, JR.,* TODD T. GRANT,+ 


JOSEPH MIRRA,t THOMAS H. WEISENBURGERS 


i Müitimodality managemerit of extremity skeletal and soft tissue 
sarcomas with preoperative intra-arterial Adriamycin and radia- 
tion therapy, radical surgical resection and postoperative chemo- 
therapy or chemo-immunotherapy has. resulted in preservation 
of a functional extremity in 13 of 14 patients. Seven of 8 patients 
with Stage III, and III, soft tissue sarconias, managed with 
preoperative intra-arterial Adriamycin and: radiation therapy, 
followed by en bloc soft tissue resection and 6 patients with bone 
sarcomas managed by preoperative treatment; followed by bone 
resection and replacement with cadaver bone allografts, remained 
free of disease from 4 to 34 months. The results of the com- 
bined rhodality approach were significantly better thàn the results 
obtained in patients managed by surgical resection: alone, or by 
combination of operation with another single modality, both in 
terms of short term-recurrence free survival arid salvage of a 
functional extremity. 


LTHOUGH SURGICAL. THERAPY has Deed the ac- 

cepted method for management of most skeletal and 
soft tissue sarcomas of the extreinity, it has been asso- 
ciated with frequent treatment failure due to local recur- 
rence after radical local resectión, and less frequently 
following amputation. Even when local control was 
achieved, over 50% of the patients with soft tissue 
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sarcomas and 8096 of the patients with skeletal sarcomas 
eventually developed and succumbed to distant metas- 
tases of their diséase.!-9:5,513.15.16 Thus, single modality 
therapy for skeletal and soft tissue sarcomas with opera- 
tion, alone is followed by unacceptably high rates of 
treatment failure. Fortunately, new adjuvant treatment 
modalities have been developed over the past few years 
that seem to have activity against these neoplasms. 
Postoperative radiation therapy has dramatically re- 
duced the incidence: of local recurrence of soft tissué 
sarcomas.!^?977 Both soft tissue and skeletal sarcomas 
seem to respond to preoperative continuous intra-arterial 
infusion of Adriamycin." Postoperative adjuvant 
therapy with high dose Methotrexate and Citrovorum 
rescue and/or Adriamycin appears to dramatically reduce 
the incidence of pulmonary metastases from osteo- 
sarcomas*!9212? and soft tissue sarcomas.?? Finally, it 
appeats that adjuvant immunotherapy with BCG and 
allogeneic sarconia cell vaccine has lowered the inci- 
derice of distant metastases from soft tissue sarcomas.*9 
Encouraged by the early results from these new treat- 
ment modalities for skeletal and soft tissue sarcomas, we 
began a pilot study using the combined modality manage- 
ment approach in 1973. Preoperative intra-arterial Adri- 
amycin and radiation were used to achieve in situ 
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TABLE 1. Histology and Treatment of Extremity Sarcomas 
7 Operation I.A. Chemo ILA. Chemo 
Te Total + + + XRT + 
Histology No. Operation XRT Operation Operation 
Bone 
Osteosarcoma 4 — — — 4 
Chondrosarcoma 4 4 — -l — 
Malignant giant cell 1 — — — 1 
Ewing’s sarcoma l — — _ 1 
Malignant fibrous histiocytoma 2 — — 2 — 
Malignant soft tissue 
Rhabdomyosarcoma 12 l 3 3 3 
Undifferentiated 8 6 1 — 1 
Fibrosarcoma 3 2 l — ese 
Fibrous histiocytoma 2 l — — 1 
Myxosarcoma l — — ] — 
Neurofibrosarcoma 2 -_ — 2 — 
Liposarcoma | 3 2 — — I 
Synovial cell I 1 — — — 
Total 44 17 5 8 14 
tumor destruction of the primary neoplasm. This pre- order to accurately stage their disease. The histologic 
operative therapy enabled us to perform a radical local type of the neoplasms and type of treatment are given in 
resection instead of amputation. Postoperatively, each Table 1. The site and stage of soft tissue sarcomas . 
patient received adjuvant chemotherapy and/or immuno- classified according to the American Joint Commission's 
therapy in an attempt to lower the incidence of systemic — system?" are given in Table 2. 
metastases and to improve local control. Our preliminary A variety of therapeutic approaches were used in an 
results suggest that the combined modality approach attempt to achieve limb salvage. A total of 17 patients 
significantly increased the frequency of limb salvage and were managed initially by surgical resection alone; of this 
improved the disease-free survival for these patients. group 7 were treated in hospitals other than UCLA, and 
| | I0 had primary treatment at UCLA. Radical en bloc surgi- 
Patients and Methods cal resection was performed, as previously described"? 
a ME with at least one muscle or fascial plane between the 
Forty-four patients with malignant skeletal and soft tumor and the surgical margin. If the tumor originated 
tissue sarcomas of the extremity were treated from 1973to in or invaded a muscle, the entire muscle group was re- 
1976. All patients were evaluated preoperatively by moved from origin to insertion. Major vessels and nerves 
-— complete history and physical examination, CBC, SMA- were resected if invadéd by tumor, or preserved by dis- 
12, chest radiograph, bone scans, whole chest tomog- section in a subadventitial plane where adequate margins 
raphy and arteriography of the primary neoplasm, in could be obtained in this manner. 
TABLE 2. Stage and Site of Primary Lesion Related to Treatment of Soft Tissue Extremity Sarcomas 
I.A. Chemo 
+ XRT + 
Operation I.A. Chemo Operation 
+ + + Chemoimmuno- 
Total Operation XRT Operation therapy 
Site . 
Shoulder, groin, buttock 15 6 l l 7 
Arm or thigh 7 3 1 2 1 
Forearm or calf 10 4 3 3 0 
Total Patients (32) (13) (5) (6) (8) 
Stage* 
I or Il 7 5 1 1 0 
HIA 13 4 4 2 3 
IIIB or IV 12 4 — 3 5 
Total Patients (32) (13) (5) (6) (8) 
E 


* According to Suit and Russell,? the 2 year disease-free rate expected in soft tissue sarcomas is Stage 1—9226, Stage II—70976, Stage IIIA— 


* 3096, Stage IIIB—946, Stage IV—996. 
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Surgical Resection and Radiation Therapy 


Five patients were treated with surgical resection fol- 
lowed by postoperative radiation therapy, using a Cobalt- 
60 or a 6MEV linear accelerator to a total dose of 6000 
rads in 24 equal fractions, given over 6 or 7 weeks.1*$26:27 
The treatment was given by AP and PA parallel opposed 
portals to the affected extremity. The last 1000 rads of 
therapy were given to reduced treatment portals that 
encompassed the scar and original tumor bed. A lateral 
or medial longitudinal strip was spared to prevent fibrosis 
and lymphedema. 


Preoperative Intra-Arterial Adriamycin and Surgical 
Resection 


Eight patients received preoperative intra-arterial 
Adriamycin’ suspended in 50 cc of normal saline and 
infused by Harvard pump at a dosage of 30 mg over 
24 hours on each of 3 consecutive days to a total dose 
of 90 mg. The dosage was reduced to 20 mg/day for 
the infusion of lesions distal to the elbow or knee. Radical 
en bloc local surgical resections were performed 3 weeks 
post-infusion as previously described.!* 


Combined Modality Therapy with Preoperative Intra- 
Arterial Adriamycin and Radiation Therapy, Followed 
by Surgical Resection and Postoperative Adjuvant 
Chemotherapy or Chemo-Immunotherapy 


. The schema for patients treated by this technique is 
presented in Figs. 1 and 2. This group of 14 patients 
was treated by intra-arterial Adriamycin in an identical 
manner as those described above. Radiotherapy from a 
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Vincristine 
1.5 mg/m iv. 
Methotrexate Fic. 1. Preoperative treat- 
100 mg / kg i.v ment starts Day 1 after 
over 4hrs — biopsy with Adriamycin to 


Day 3. X-irradiation fol- 
lows for 10 days to Day 14. 
Operation is performed 
Day 21. Postoperative 
treatment starts Day 29. 


Citrovorum 12 mg iv. 
2723 06 hrs x 3days 
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GMEV linear accelerator was begun immediately fol- 
lowing the completion of the intra-arterial chemotherapy. 
Three thousand five hundred rads were delivered to the 
mid-tumor plane in 10 equal fractions over 12-15 calendar 
days. Portals were PA and AP parallel opposed fields, 
and both fields were treated daily. The portals were to an 
area that included the entire region of the tumor (i.e., 
entire thigh or entire arm). One week following comple- 
tion of radiotherapy, en bloc radical local surgical re- 
sections were performed.!$ 

Six patients with bone sarcomas (4 osteosarcomas, 1 
malignant giant cell and 1 Ewing's sarcoma) (Table 1) 
required a wide resection with the adjacent soft tissues. 
A 10 cm proximal margin was achieved on all resec- 
tions and the proximal bone marrow was curetted and 
examined by frozen section. The diseased bone was re- 
placed by a cadaver allograft obtained from the tissue 
bank of the National Naval Medical Center in Bethesda, 
Maryland. These grafts had been removed under sterile 
conditions at the tissue bank, sterilized by x-irradiation 
and vacuum desiccated. Prior to operation, the graft 
and donor femur were matched for intercondylar width 
by 6foot non-magnified films of both the allograft and reci- 
pient femur. Additionally, the graft and donor femur 
were matched by the intramedullary diameter to facilitate 
fixation. After the allografts were inserted, internal 
fixation was achieved with a Sampson intramedullary 
rod with external flutes to prevent torsion at the recipient- 
donor interface. Collateral ligaments at the knee joints 
were reattached using Stone staples, with no attempt to 
achieve cruciate or capsular repair. The patients then 
were placed in long leg, non-weight-bearing casts for 8 
weeks. An ischial weight-bearing, long leg brace with a 


l : : VCR Fic. 2. Postoperative treat- 
1.5mY/méiv. Ad ee ment starts Day 1 (Day 29) 
Methotrexate 45 mg/nr i.v. MTX 200mg/kg with Vincristine followed 

IOO mg/kg over 4 hrs A iv. over 4 hrs by Methotrexate with Ci- 

Citr A trovorum rescue for 3 days. 

V22222,7) ER 3d QcCzacF Adriamycin is repeated 

Durs mdi qoi» uds p cuc d ct ci uod cies dor 35] Day 14 and 15. The treat- 

1 ! 14 . 30 ment cycle is repeated 


Days 


every 30 days. 
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drop-locked hinged knee replaced the cast for 6 months. 
Subsequently, the patients used a routine hinged knee 
brace. 

Postoperative adjuvant chemotherapy was begun 2 
weeks following the surgical procedure (Fig. 2). Vin- 
cristine, 1.5 mg/m?, was given intravenously | hour prior 
to Methotrexate infusion. The Methotrexate was given 
at an initial dosage of 100 mg/kg as a 4 hour I.V. 
infusion.!??? Four hours following the infusion, "rescue" 
was begun by I.V. administered Citrovorum, 12 mg q 6 
hours for 3 days. Methotrexate serum levels were meas- 
ured at 4, 6, 12, 24, and 48 hours post-infusion. At 24 
hours, if serum concentration of Methotrexate was 
greater than 1 x 107*M, the I.V. fluid volume was in- 
creased to 200 cc/hr and the Citrovorum increased to 24 
mg I.V. every 2 hours. Two weeks following high-dose 
Methotrexate, Adriamycin 45 mg/M? was given as an 
intravenous bolus on each of two consecutive days for a 
total dose of 90 mg/M?. This cycle was repeated every 2 
weeks until the maximum 500 mg/M? total cumulative 
dose of Adriamycin was achieved. Adriamycin then was 
discontinued and the high-dose Methotrexate was given 
every month for | additional year. 

Seven patients received adjuvant immunotherapy with 
BCG an: allogeneic sarcoma cells from tissue culture, 
in addition to adjuvant chemotherapy. This immuno- 
therapy was administered as previously described, every 
week for 12 weeks, and then every other week for 2 
years.?5 


Pathologic Methods and Staging 


The staging system for soft tissue sarcomas described 
by Suit and Russell??? and recently adopted by the 
American Joint Commission,” was used to classify most 
of these neoplasms. It should be emphasized that most of 
the soft tissue sarcomas described in this study were high 
risk lesions with an expected 2-year recurrence rate of 
70-90% (Table 2). 

In order to evaluate the impact of preoperative 
Adriamycin and radiation therapy upon tumor histology. 
the pre-treatment and post-treatment tissue slides from 
patients receiving preoperative therapy were reviewed by 
one of the authors in random order without prior 
knowledge of diagnosis or treatment received. Visual 
estimates of the percentage of tumor necrosis per slide 
area were made and averaged for the total number of 
slides. Tumor necrosis was defined as total absence of 
identifiable nuclei. As an additional control, examples of 
5—10 types of sarcomas representative of each type seen 
in this study, that had been removed by either en bloc 
resection or amputation without preoperative therapy 
(a total of 67 specimens), were reviewed in an identical 
manner. This evaluation was done without knowledge of 
the type of preoperative therapy, if any, received by the 
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Fic. 3. Incidence of limb salvage. Vertical axis shows per cent 
salvage. Horizontal axis shows number of patients treated success- 
fully over number of patients at risk for each treatment modality. 


patient. The degree of tumor necrosis was then correlated 
according to treatment category. 


Results 


The results in regard to limb salvage and local control 
can be summarized as follows (Fig. 3): 


Operation Alone 


Patients treated by radical surgical procedures alone 
had a high incidence of local recurrence. Of the 10 pa- 
tients treated at UCLA in this manner, 5 (or 50%) 
subsequently developed local recurrence that required 
amputation. Of the 7 treated elsewhere, 6 developed 
recurrence and required amputation. The median time to 
tumor recurrence was 8 months in these patients. 


Operation Followed by Postoperative Radiation Therapy 


Five patients had surgical procedures and postopera- 
tive radiation and all remain free of disease. Three of the 
5 had primary tumors distal to the elbow or distal to 
the knee. All patients retained a useful extremity and 
none has developed lymphedema or anesthetic limb. 


Preoperative Intra-arterial Chemotherapy Followed by 
Attempted Surgical Resection 


Eight patients received preoperative intra-arterial 
Adriamycin followed by an attempt at radical local 
excision. Although 5 patients had shrinkage of tumor 
mass, limb salvage was achieved in only one patient. In 
7 patients amputation was required at the time of surgical 
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Fic. 4a. Radiograph showing 
osteosarcoma of distal femur in a 
14-year-old boy. 





exploration for control of the primary tumor. No sig- 
nificant complications were encountered with the intra- 
arterial infusion of Adriamycin, and no wound healing 
difficulties were noted. In two patients, some mild 
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erythema of the skin was noted subsequent to the Adria- 
mycin infusion. 


Combined Modality Therapy with Preoperative Intra- 
arterial Adriamycin and Radiation Therapy, Followed 
by Surgical Resection and Postoperative Adjuvant 
Chemotherapy or Chemo-Immunotherapy 


Thirteen of 14 patients treated with this regimen had 
sufficient shrinkage of their sarcomas to allow local 
resection and limb salvage. The preoperative treatment 
failed in one patient with an anaplastic spindle cell 
sarcoma arising in the axilla, and an interscapulo-thoracic 
amputation was performed. Seven patients with soft 
tissue sarcomas and one with a malignant giant cell 
sarcoma of bone had wide monoblock resections and $ 
patients with bone sarcomas had resection of the distal 
femur followed by cadaver allograft bone replacement 
(Fig. 4e). All patients have a useful, neurologically 
intact extremity, although the patients with cadaver bone 
grafts have limited flexion at the knee and must wear a 
knee brace (Fig. 4f). 

Preoperative Adriamycin and radiation therapy ap- 
peared to be associated with an increased incidence of 
wound problems, since three of these patients developed 
problems with wound healing characterized by necrosis 
of skin flaps or wound infections. Two patients had 
complete healing within 6 weeks without sequelae, but 
one patient developed an indolent wound infection that 
resulted in a rupture of the superficial femoral artery 


FiG. 4b. Photomicrograph 
of pretreatment biopsy 
showing osteosarcoma with 
minimal necrosis (x250). 
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Fic. 4c. Resected surgical 
specimen following pre- 
operative treatment with 
intra-arterial Adriamycin 
and radiation therapy. 
Note gross tumor lique- 
faction and necrosis. 





6 weeks after surgical resection. Although the artery Since there were no differences between patients re- 
required ligation, this procedure did not result in distal ceiving adjuvant chemotherapy and those receiving 
limb ischemia, and the patient is ambulating without chemo-immunotherapy, the groups were combined and 
difficulty. the results compared with the group of 17 patients 
All patients managed by the combined modality ap- managed by surgical resection alone. Although the num- 
proach remain free of local or metastatic recurrence, 4 bers of patients followed 2 years or more are small, the 
to 34 months in their postoperative course (Fig. 5). results of the combined modality approach are signifi- 
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Fic. 4e. Postoperative radio- 
graph showing the cadaver bone 
graft held in place by a Sampson 
rod and Stone staples used to 
reattach collateral ligaments. 





cantly superior to patients managed by operation alone. 
Fifty per cent of the patients managed by operation alone 
developed recurrence within 14 months postoperatively. 


Pathologic Examination 


Examination of the resected specimens from pa- 
tients receiving preoperative therapy showed gross evi- 
dence of tumor necrosis associated with liquefaction of 
the tumor. Histopathologic studies confirmed these find- 
ings when post-treatment specimens (Fig. 4d) were com- 
pared to pre-treatment biopsy specimens (Fig. 4b) 
and to the control series of 67 patients managed by 
surgical resection alone (T; »le 3). The incidence of tumor 
necrosis in patients mar iged by preoperative intra- 
arterial Adriamycin was 63%, compared to an 88% 
incidence of tumor necrosis in patients managed by intra- 
arterial Adriamycin and radiation therapy. In fact, four 
of the 11 specimens examined had no viable tumor 
cells following preoperative treatment with Adriamycin 
and radiation therapy. Even where necrosis was not 
complete, as judged by total absence of nuclei, large foci 
of remaining cells showed bubbles in the nuclei and severe 
chromatin smudging, consistent with degenerative 
changes. Thus, histologic examination confirmed the 
clinical impression of tumor shrinkage and necrosis seen 
in patients receiving preoperative intra-arterial chemo- 
therapy or chemotherapy combined with radiation. 


MORTON AND OTHERS 





Ann. Surg. e September 1976 
Discussion 


Multi-modality therapy for skeletal and soft tissue 
sarcomas resulted in improved short term recurrence- 
free survival and preservation of a functional extremity 
in most patients. These results are particularly impres- 
sive when one considers that this group was composed 
of 6 bone sarcomas, 4 of which were osteosarcomas, and 
8 soft tissue sarcomas, all of which were Stage III, or 
Ill, (Table 2). At the present time, it is not clear 
whether all of the treatment modalities are absolutely 
necessary to achieve these results. 

Our results confirm those of others®58-13-1516 who 
have suggested that surgical treatment alone frequently 
leads to both local recurrence and distant metastases. 
These sequelae are especially true for patients with 
large and undifferentiated soft tissue sarcomas, as well 
as for those with osteosarcomas. Although some may 
question our consideration of these two groups of patients 
together, certainly treatment failure is frequent in both 
groups. The local or systemic recurrence rate for Stage 
III, soft tissue sarcomas, regardless of histologic type, is 
70% at 2 years; for Stage III, and IV, it is over 
90%.°°*7 These recurrence rates are similar to those for 
the osteosarcomas treated by operation alone.?!? 

The high failure rate following local resection of soft 
tissue sarcomas is well known. Local recurrence almost 
invariably follows simple excision of these sarcomas 


Fic. 4f. Result 9 months after 
operation. Patient walks without 
crutches and can flex knee joint 
20°. Brace is worn to assure 
stability of knee joint. 


*- 
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because, although many of these tumors grossly appear 
to be encapsulated, there is no true capsule at all. In 
reality, the pseudocapsule is composed of compressed 
sarcomatous tissue, and frequently there are extensions of 
tumor cells spread along fascial planes well beyond the 
gross limits of the primary tumor.*15:19475 Therefore, 
surgical procedures that do not include a wide margin of 
normal tissue simply do not achieve complete tumor 
removal. However, even the most adequate, wide, en 
bloc soft tissue resections of all muscle or fascial planes 
touched by tumor may fail because local recurrence rates 
of up to 6096 have been reported from centers ex- 
perienced in management of these neoplasms.’ The most 
radical amputations have resulted in local recurrence 
rates as high as 2096 when extremity sarcomas close 
to the groin or shoulder girdle were resected, because it is 
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Fic. 5. Life Table analysis of local recurrence rate. Vertical axis 
represents cumulative per cent patients free of disease. Horizontal 
axis is time in months following operation. Numbers separated by a 
slash (/) indicate number of patients who remained free of disease/ 
number of patients at risk of developing recurrence during that time 
interval. i 
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TABLE 3. Skeletal and Soft Tissue Sarcomas: 
Effects of Treatment on Histology 


Per cent Necrosis* 


Pre- Post- 
Treatment No. of Cases treatment treatment 
Surgical resection 67 — 9%* 
I-A Adriamycin 6 506 63% 
I-A Adriamycin & XRT 11 12% 889061 


* Average of the per cent necrosis of specimens examined. 
t 4/11 had no identifiable tumor. 


so difficult to achieve wide margins in these areas. 
Seven of 8 soft tissue sarcomas in our combined modality 
group were located in these unfavorable sites (Table 2). 

Even when local control is achieved by amputation 
for skeletal or soft tissue extremity sarcomas, the fre- 
quent appearance of pulmonary metastases within the first 
2 years only emphasizes the systemic nature of these 
neoplasms. Although aggressive resection of these pul- 
monary metastases can be accomplished if these tumors 
have a slow tumor doubling time," the majority of pa- 
tients with pulmonary metastases eventually die of their 
disease. | 

The results of postoperative radiation therapy, de- 
scribed by Suit?®?? and Lindberg“ and confirmed by our 
study, indicate that this modality effectively lowers local 
recurrence of the distal extremity sarcomas. However, 
such treatment has not been as successful for the more 
proximal lesions of the arm and thigh for some unknown 
reason,^/9.18720,2627,2031 Tn addition, patients treated by 
operation and radiation therapy alone continue to develop 
the systemic metastases, particularly to the lungs, that 
ultimately result in their death. — 

The effectiveness of preoperative chemotherapy alone 
for skeletal and soft tissue sarcomas is difficult to judge. 
Although many of these patients will have shrinkage of 
their neoplasms, the number of complete responses 
is small.*6:197122122 Only one of 7 patients treated with 
preoperative intra-arterial Adriamycin had sufficient 
tumor reduction to permit radical surgical resection. 
However, the effectiveness of the intra-arterial Adri- 
amycin was confirmed by the histologic evidence of tumor 
necrosis present in the post-Adriamycin biopsies. 

Preoperative intra-arterial Adriamycin, followed by 
radiation therapy, clearly resulted in the most dramatic 
tumor regression. Histologically, tumor necrosis reached 
8896, and almost 4096 of the specimens contained no 
viable tumor cells. It would seem that the antitumor 
effects of Adriamycin were additive to those of the 
radiation therapy, since the amount of tumor necrosis 
observed from combined therapy was greater than that 
achieved with Adriamycin alone or when much higher 
doses of radiation therapy were given as primary treat- 
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ment for sarcomas. The effectiveness of: this preopera- 
tive therapy made limb salvage possible in 13/14 pa- 
tients by permitting radical en bloc resections of these 
large bulky neoplasms. However, it should be remem- 
bered that over 60% of patients still had histologic evi- 
dence of viable tumor remaining in the specimen at the 
time of resection, emphasizing the need for surgical 
resection in order to remove any remaining tumor cells. 

There are several advantages to preoperative in situ 
tumor destruction by intra-arterial Adriamycin and radia- 
tion therapy. These would include the reduction of 
tumor viability, particularly at the periphery of the tumor, 
associated with tumor shrinkage that makes en bloc 
surgical resection possible. Since up to 8876 of the tumor 
cells in the resected specimen are histologically non- 
viable, the possibility of intraoperative tumor dissemina- 
tion should be reduced. Finally, since the ultimate fate 
of these patients revolves around the presence or absence 
- of distant microscopic metastases, the administration of 
preoperative chemotherapy may allow treatment of such 
subclinical metastatic disease before any surgical re- 
section of the primary. 

The multidisciplinary management for primary skeletal 
and soft tissue sarcomas described in this series has pro- 
duced exciting results. Limb salvage without local re- 
currence is certainly gratifying for the patient and most 
satisfying for the surgeon. Obviously, there are many 
unresolved questions regarding this type of treatment, 
but these can only be answered by a longer period of 
followup. For example, it is not clear whether the results 
to date represent merely a delay in recurrence, or cure. 
Although no local recurrence has been observed thus 
far, these patients have had continuous postoperative 
chemotherapy. It is possible that this therapy is con- 
‘trolling both local and distant subclinical microscopic 
metastatic disease. Obviously, if many of these patients 
develop local recurrence when the adjuvant chemo- 
therapy or chemo-immunotherapy has been stopped, 
our attempts at limb salvage may not have been worth- 
while. Secondly, we do not know what the long term 
functional results of the cadaver bone allografts will be. 
We. expect most of the patients with distal femur re- 
placements to develop stiff knees, but this is still better 
than a hip disarticulation prosthesis. It is not clear 
whether other functional abnormalities may occur. 
Theoretically, the cadaver allografts have significant 
advantages over metallic prostheses”! in terms of avail- 
ability, cost, and long term tolerance. 

The importance of continued adjuvant postoperative 
chemotherapy or chemo-immunotherapy cannot be 
overemphasized. It is obvious that few patients succumb 
to an uncontrolled extremity sarcoma. Death is usually 
. due to disseminated disease in the lungs. Since most of 
the metastases appear within 24 months following resec- 
tion of the primary, it is likely that subclinical micro- 
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scopic metastases were probably present at the time of 
initial treatment. Since these metastases govern the ulti- 
mate survival of the patient, it should be apparent that 
systemically active adjuvant therapy must become the 
determining factor for effective treatment. The dramatic 
results obtained from adjuvant chemotherapy for skeletal 
sarcomas appear to be possible for soft tissue sarcomas 
as well. At this point, it is too early to evaluate the addi- 
tive value of immunotherapy over the results obtained 
by chemotherapy alone. 
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DISCUSSION 


DR. CHARLES ECKERT (Albany, New York): I would like to direct 
my remarks to the question of limb salvage in soft tissue sarcomas. 
First, we all agree that the general thesis of preserving the extremity 
is a desirable objective. Even more desirable, however, is the need 
for improved survival, particularly in patients with high grade tumors. 
The adjuvant use of chemotherapy is, of course, an effort to accom- 
plish this objective, as well as to aid in the control of the primary 
tumor. Nevertheless, I dislike seeing the basic principles of cancer 
surgery abrogated, as they are when local excision is used when 
faced with the probability that the procedure will not remove all 
of the tumor. 

To paraphrase the initial statement in an article by Bowden, and 
Booher, and subsequently repeated by Gordon McNeer: “the high 
rate of recurrence of soft tissue sarcomas long ago convinced 
us that no neoplasms are more indifferently treated in contemporary 
surgical practice.” Unfortunately, this lament is as true today as it was 
when initially expressed 18 years ago. 

Rather than perpetuate poor surgical practice, using radiation 
therapy and adriamycin in tumors that are unsuitable for local re- 
moval by virtue of size and proximity to the motor nerves, arteries 
and veins essential for the viability and function of the extremity, I 
would like to see adequate surgical treatment combined with adjuvant 
chemotherapy. Presently available chemotherapeutic agents have been 
ineffective when used for clinically evident metastases, but in the situa- 
tion of a minimal tumor burden this may very well not be true. 
At any rate, various agents and combinations must be studied under 
controlled conditions. 

In closing, I would like to ask Dr. Morton one question. In view of 
the fact that most treatment failures are evident within twenty-four 
montbs of treatment, how many patients in the soft tissue tumor 
group were at risk for this period? 


Dr. RICHARD E. WILSON (Boston, Massachusetts): I would like to 
present some of our experience from the Peter Bent Brigham Hospital 
and those of Dr. Norman Jaffe and Hugh Watts, from the Sidney 
Farber Cancer Center and the Children’s Hospital Medical Center, 
in Boston. 

We have looked at two areas, first the primary treatment of classical 
osteogenic sarcoma, and secondly, recurrent soft tissue sarcomas. 
The experience at the Children’s Hospital with the classical osteogenic 
sarcoma in the period from 1970 to '74, permitted comparison 
of 12 patients who had achieved local control out of 15, with 78 patients 
of the historical control group out of 98 who had achieved total 
control of the local lesion. In treating these patients postoperatively 
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and citrovorum factor, they had achieved a 42% free-of-disease 


rate at over 18 months, compared to only 20% or less freedom of 


disease in the control group. 

This was the basis for their embarking on a limb-saving program for 
a group of patients, using intraveneous methotrexate and CF rescue, 
without radiation and without intra-arterial adriamycin. They have 
found that in the four patients so treated, using a prosthesis rather 
than an autograft, they have achieved local control in all, the longest 
being 15 months' followup. One patient given intra-arterial adriamycin 
failed, and that patient required amputation. 

It is important to also point out that in two of the four patients 
with the MTX treatment, the tumors were totally necrotic, histologi- 
cally. Here, then, is a slightly different approach, using an intravenous 
antitumor agent, without radiation. It must precede the surgery to 
be successful. 

In our group of soft tissue sarcomas, we have, unfortunately, 
only treated recurrent patients in our series. We have avoided amputa- 
tion in all, and have achieved total local control by surgery plus 
radiation, without amputation. 

We have, also, more recently started with chemotherapy, using 
DTIC, Adriamycin, and Cytoxan, indicating that the tumor could 
respond to this combination. Then the surgery is performed, limited 
surgery followed by radiation, and then there is continued treatment 
with chemotherapy. We have seen pulmonary metastases melt and 
come under total remission, as well as local disease be controlled. 

I think what we're looking at is a whole new approach to the 
problem, using effective combinations of drugs, surgery, and radia- 
tion—and, hopefully, immunotherapy as well —of which this presenta- 
tion by Dr. Morton is just the beginning. 


Dr. JUDSON G. RANDOLPH (Washington, D.C.): I would like to 
mention some information from the Children's Cancer Study Group, 
which is a national study, and, specifically, information about the 
rhabdomyosarcoma in children. 

I hope Dr. Morton won't mind my criticizing the paper on one 
ground; and that is reaching conclusions derived by grouping both 
bone and soft tissue sarcomas. 

In an effort to answer one of the questions that he raised in the 
summary, i.e., “‘Are all of these modalities necessary?" It is worthy of 
note that over the past IO years, with a retrospective and subsequently 
a prospective study on a national scale, with combined therapy and 
the improved survival of children with rhabdomyosarcoma has been 
nothing short of incredible. This is based on a program of x-ray 
therapy, chemotherapy, and the principle that Dr. Morton outlines for 
us today, wide local excision with conservation of limbs. 

The facts are that 10 years ago the survival with childhood rhab- 
domyosarcoma was generally in the neighborhood of 10%. Today the 


survival is about 65% of all cases with vincristine and Cytoxan, and 
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now adriamycin added as systemic medicine, not intra-arterial, as 
was one of the modalities Dr. Morton described. 

Speaking to the point that Dr. Eckert raised, the 65% cure occurs 
even when microscopic residual is present in the specimen, but is 
subsequently controlled by the combined therapy to produce cure. 

While it might indeed be that the immunologic system, supported 
as has been brilliantly suggested by Dr. Morton will further increase 
this, it is important that we keep in mind these other recent changes 
in treatment. This concept was underscored by a paper delivered here 
by Dr. Clatworthy three years ago, entitled **Reasonable Surgery 
for Rhabdomyosarcoma’’, also indicating that we can control micro- 
scopic residual with a much greater survival than we previously 
thought. 


Dr. EDWARD T. KREMENTZ (New Orleans, Louisiana): I would like 
to caution you about the wide range of behavior seen in the soft 
tissue and the boney sarcomas. We have on one hand the neuro- 
fibrosarcoma and some of the well-differentiated sarcomas that remain 
localized that only recur locally after many years. On the other 
hand, we have the group of tumors, such as the osteo- and the 
rhabdomyosarcomas that spread very early to the lungs. 

The use of adriamycin and other new agents allows us to occasionally 
control systemic disease, especially when combined with immune 
therapy while excisional surgery and regional chemotherapy often can 
control local disease. 

We have been interested in the use of wide excision, coupled with 
regional chemotherapy for many years here in New Orleans. The 
group at Tulane has so treated a series of 59 patients with Stage 
I soft tissue sarcomas. Included were four patients with osteogenic 
sarcomas who did not do well. In the first 13 treated by chemo- 
therapy by perfusion alone—these patients were treated primarily 
because of refusal, of amputation— we had only two survivors, one 
a 6-year survivor with a hemangiosarcoma and the second a child 
treated by my associate, Dr. Carter who perfused the lower ex- 
tremity of an 18-month-old with a rhabdomyosarcoma of the calf. 
This tumor completely disappeared. The child has been maintained 
on systemic chemotherapy, and remains free of disease two years 
later. 

We have 46 other patients with Stage I soft tissue sarcoma, 
treated by perfusion with actinomycin D, phenylalanine mustard, 
and/or nitrogen mustard, and followed immediately, or after a delay of 
three weeks, with wide local excision. In this group there were three 
major amputations, all in osteogenic sarcoma patients. 

For this group the cumulative survival rate at five years is 68%, 
disease free, with a useful extremity. The 10-year survival again is 
68%. 

This indicates to me that limbs can be salvaged by combinations 
of regional chemotherapy and wide excision, and that long-term 
survival can be reasonably good. 

I have one precaution to mention. The use of radiation and regional 
chemotherapy may produce a high incidence of second sarcomas in the 
field of irradiation. We have had 4 sarcomas of developing in a 
group of 30 children that we treated for retinoblastoma by irradiation 
and regional chemotherapy. The sarcomas developed in the treatment 
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field 10 to 15 years following the original treatment. Despite the good 
salvage with useful vision, children treated with combination irradia- 
tion and regional chemotherapy run a high risk of development of 
induced sarcoma. 


Dr. Donap L. Morton (Closing discussion): I would like to 
thank the discussants, Dr. Eckert, Dr. Wilson, Dr. Randolph and 
Dr. Krementz, for their comments. 

I realized that this paper would arouse some controversy. I would 
like to deal with the questions raised in the order they were raised. — 

First, in regard to Dr. Eckert's comments, I would like to emphasize 
that this is not poor surgical therapy. This is a wide en bloc muscle 
group resection, origin to insertion, of all muscle groups touched by 
the tumor. We do the same operation that we would have done 
without the preoperative therapy. 

The difference is that, by giving the preoperative therapy, 
many of these tumors shrink dramatically during the period of delay 
before operation, and it allows one, I believe, to get better margins 
than one would otherwise have. It is certainly more surgery than an 
amputation, not less surgery. Of course, the extremity is still there, and 
at risk of local recurrence. 

Five patients have been observed for 24 months with soft 
tissue sarcomas—and as you know, in most cases in the un- 
altered natural history of the disease, a patient with a soft 
tissue sarcoma, free of disease at two years, generally is going to 


be free of disease at 5 years. That's not invariably so, but it is a 


close approximation. 

I emphasize that we're not talking about the low grade, small 
fibrosarcoma. An important advance in the appreciation of the natural 
history of sarcomas was that the degree of differentiation and size of 
lesion correlates much better with recurrence and survival than 


histologic type. I think the trend in the management of these tumors 


is going to be more and more to size and degree of differentia- 
tion, rather than the histologic type. 

The exceptions to that, of course, are the osteosarcomas, that have 
a very high recurrence rate—about 85% within two years—and 
the rhabdomyosarcomas, as Dr. Randolph mentioned, in which the 
embryonal rhabdomyosarcoma of childhood is definitely a different 
tumor. It is one that is much more responsive to combination 
therapy. We have known that in the past. In this group of 
patients there was only one patient who had an embryonal rhab- 
domyosarcoma. . 

At the other extreme are the adult rhabdomyosarcomas, and synovial 
sarcomas which almost invariably are bad actors, and you have 
probably noted that our series is heavily weighted in these types of 
tumors. I would like to emphasize again that we are talking about the 
stage II], and IV, high-risk lesions. 

In terms of the development of second sarcomas in the radiated 
chemotherapy treated extremity, this is something that only time 
will tell. I should emphasize that the dose of radiation therapy used 
here is only 3500 rads. This is a much lower dosage than has 
classically been used in the past, (7000 to 7500 rads), and we're 
hopeful, by reducing the amount of radiation given, that we will not 
encounter these problems of carcinogenesis. 
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Injection because of the incompatibility between calcium ions and the 
sodium carbonate in Sterile Cephradine for Injection. 

Indicated surgical procedures should be performed in conjunction 
with antibiotic therapy. 


ADVERSE REACTIONS: Untoward reactions are limited essentially to 
G.I. disturbances and to hypersensitivity phenomena. The latter are 
more likely to occur in persons who have previously demonstrated hy- 
persensitivity and those with a history of allergy, asthma, hay fever, or 
urticaria. 

Thefollowing adverse reactions have been reported following use of 
cephradine: G.|.—glossitis, nausea, vomiting, diarrhea or loose stools, 
tenesmus, abdominal pain, heartburn. Skin and Hypersensitivity Reac- 
tions—mild urticaria or skin rash, edema, erythema, pruritus, joint 
pains, drug fever. Blood—mild, transient eosinophilia, leukopenia and 
neutropenia. Liver (oral forms)—transient mild rise of SGOT, SGPT, 
and total bilirubin with no evidence of hepatocellular damage. Liver 
(Injection) —elevated SGOT and SGPT have been observed in approx- 
imately 10% and 2% of patients respectively; elevated total bilirubin, 
alkaline phosphatase and LDH have been observed in a few cases; in 
most cases, values tended to return to normal after the end of therapy. 
Renal (oral forms)—Transitory rises in BUN have been observed in 
some patients treated with cephalosporins; their frequency increases 
in patients over 50 years old. In adults for whom serum creatinine deter- 
minations were performed, the rise in BUN was not accompanied by a 
rise in serum creatinine. Renal (Injection) —mild rises in BUN have 
been observed in some patients treated with cephalosporins; their fre- 
quency increases in patients over 50 years old and in children under 
three. In adults for whom serum creatinine determinations were per- 
formed, the rise in BUN was not accompanied by a rise in serum 
creatinine. Others —headache, dizziness, tightness in the chest, dys- 
pnea, paresthesia, candidal overgrowth, candidal vaginitis, hepa- 
tomegaly (isolated instances), and thrombophlebitis at injection site. 

Some patients experienced pain on I.M. injection. Administer Sterile 
Cephradine for Injection by deep I.M. injection since sterile abscesses 
have been reported following accidental subcutaneous injection. 

For full prescribing information, consult package inserts. 


HOW SUPPLIED: 250 mg. and 500 mg. capsules in bottles of 24 and 
100 and Unimatic® single-dose packs of 100; 125 mg. and 250 mg. for 
oral suspension in bottles of 100 ml. Sterile Cephradine for Injection 
available for I.M. or I. V. use in vials containing 250 mg., 500 mg., or 1 g. 
cephradine, and for I.V. use in 100 ml. infusion bottles containing 2 g. or 
4 g. cephradine. 


IBB” ‘The Priceless Ingredient of every product 
SOU is the honor and integrity of its maker.'™ 


© 1976 E.R. Squibb & Sons, Inc. 786-514 
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‘we shall fight on the seas anc 
oceans...in the air...on the beaches... 


in the field and in the streets... 
we shall fight on the hills..." 


Versatile | 
® 
Dramam NAC (dimenhydrinate 
For the prevention and treatment of the nausea, 


Supposicones" vomiting or vertigo of motion sickness. 


Ampuls for I.M. and I.V. use Warning: Caution should be used when Dramamine is given in conjunction with certain 
Vials for I.M. and I.V. use antibiotics which may cause ototoxicity, since Dramamine is capable of masking otetoxic 
Liquid symptoms and an irreversible state may be reached. 

Tablets Precautions and Adverse Reactions: Drowsiness may be experienced by some patients, 
especially on high dosage, although this action frequently is not undesirable in some con- 
ditions for which the drug is used. However, because of possible drowsiness patients taking 
Dramamine should be cautioned against operating automobiles or dangerous machinery. 
How Supplied: Scored yellow tablets of 50 mg. each; bottles of 100, 1,000 and 2,500, 
packets of 12 tablets, and boxes of 10 cartons, each carton containing 100 unit-dose 
individually blister-sealed tablets. 


Liquid, 12.5 mg. of dimenhydrinate per 4 ml.; bottles of 16 oz. 

Supposicones" of 100 mg.: boxes of 12 and twelve boxes of 12. 

Ampuls, constricted, 1 ml. (50 mg.); cartons of 5, 25, and 100. 

Vials, rubber-capped, serum type, 5 ml. (250 mg.); cartons of 5, 25, and 100. 


SEARLE | Searle Laboratories 
J Division of G. D. Searle & Co 
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In the immunosuppressed patient. 
usual clinical signs and symptoms 
of infection may be missing or 

not clear. Hence, diagnosis and 
initiation of proper therapy 
become most urgent 


An initial loading dose of 1to 2 Gm 

of Keflin may be given regardless 
of the patient's renal status. 

Patients with impaired renal 
function should be placed on 
a reduced dosage schedule. 

Usual doses in such 
individuals may result 

in excessive serum RT LN 
concentrations. or. 


Keflin may be administered 
IV. or I.P. in dosages as 
high as 12 Gm. per day 


Mean serum concentrations 


100 after I. V. administration of Keflin 


NENNEN Gm i 
aes 2 Gm.t 


Data on file at 
Eli Lilly and Company 
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*Skin and soft-tissue infections, including 

peritonitis, caused by susceptible strains of 

staphylococci (both penicillinase and 

nonpenicillinase-producing). group A 

beta-hemolytic streptococci, Escherichia 1S 30 s "ns aw 90 120 

coli, Proteus mirabilis, and Klebsiella ime (Minutes 

t Administered to six patients by rapid I. V infusion Please see opposite page for 


t Administered to ten patients over a thirty-minute period summary of prescribing information 


In serious skin and soft-tissue infections* 


- OFTEN USEFUL 


23, 


WHEN MOST NEEDED 


As you know, skin and soft-tissue infections * including 
peritonitis, may progress with alarming rapidity in patients 
with impaired host defenses...even to the point of becoming 
irreversible. Keflin can often be useful before the infection 
becomes irreversible...exactly when itis most needed. 

Eleven years after its introduction, Keflin continues to be 
effective against most strains of gram-positive and gram- 
negative organisms commonly implicated in serious skin 
and soft-tissue infections* Therefore, when you suspect that 
the pathogen involved is one of the susceptible organisms 
for which the drug is indicated in skin and soft-tissue 
infections * you may begin therapy with Keflin even while 
results of susceptibility studies are pending...and thus save 
precious hours for the patient. Keflin may be administered 
to infants and to patients with reduced renal function. 

Keflin should be given cautiously to penicillin-sensitive 
patients. 

Itis contraindicated in persons who have shown hyper- 
sensitivity to cephalosporin antibiotics. 

* Skin and soft-tissue infecticns, including peritonitis, caused by susceptible strains 


of staphylococci (both penicillinase and nonpenicillinase-producing). group A 
beta-hemolytic streptococci, Esch. coli, Pr. mirabilis, and Klebsiella. 


— m ® 
In 2 Gmt 
in 100-ml. ampoule 


cephalothin sodium 
Neutral 


for Injection 


tEquivalent to cephalothin. 


Brief Summary. 

Consult the package literature for 
prescribing information. 

Indications: Keflin® (cephalothin sodium, 
Lilly), Neutral, for Injection, is indicated for the 
treatment of serious infections caused by 
susceptible strains of the designated micro- 
organisms in the diseases listed below: 

Skin and soft-tissue infections, including 
peritonitis, caused by staphylococci (peni- 
cillinase and nonpenicillinase-producing), 
group A beta-hemolytic streptococci. 
Escherichia coli, Proteus rnirabilis, and 
Klebsiella 

Bone and joint infections caused by 
staphylococci (penicillinase and 
nonpenicillinase-producing) 

Contraindication: Previous hypersensitivity 
to cephalosporins. 

Warnings: BEFORE CEPHALOTHIN 
THERAPY IS INSTITUTED, CAREFUL 
INQUIRY SHOULD BE MADE CONCERN- 
ING PREVIOUS HYPERSENSITIVITY 
REACTIONS TO CEPHALOSPORINS AND 
PENICILLIN. CEPHALOSPORIN C 
DERIVATIVES SHOULD BE GIVEN 
CAUTIOUSLY TO PENICILLIN-SENSITIVE 
PATIENTS. 

SERIOUS ACUTE HYPERSENSITIVITY 
REACTIONS MAY REQUIRE EPINEPHRINE 
AND OTHER EMERGENCY MEASURES. 

There is some evidence of partial cross- 
allergenicity of the penicillins and the 
cephalosporins. Severe anaphylactoid 
reactions have been reported with both drugs. 

Patients with allergy and hypersensitivity 
should receive antibiotics cautiously and 
only when necessary, 

Usage in Pregnancy — Safety for use during 
pregnancy has not been established. 
Precautions: Patients should be followed 
carefully to detect any side-effects or drug 
idiosyncrasy. lf an allergic reaction occurs, 
discontinue the drug and treat the patient with 
usual agents. 

Although alteration in kidney function is 
rare, evaluation of renal status is recom- 
mended. Patients with impaired renal func- 
tion should be placed on a reduced dosage 
schedule to prevent excessive serum con- 
centrations. Consult prescribing information. 

If thrombophlebitis or superinfection 
occurs, take appropriate measures. A false- 
positive reaction for glucose in the urine has 
been observed with some tests but not with 
Tes-Tape? (urine sugar analysis paper, Lilly). 
Adverse Reactions: Maculopapular rash, 
urticaria, pain, induration, tenderness, eleva- 
tion of temperature, reactions resembling 
serum sickness, anaphylaxis, eosinophilia, 
drug fever, neutropenia. thrombocytopenia, 
hemolytic anemia, thrombophlebitis, transient 
rise in SGOT and alkaline pnosphatase, rise 
in BUN, decreased creatinine clearance, and 
a positive direct Coombs test have been 
reported. [114758] 


Additional information available to the 
i profession on request. 


Eli Lily and Company 


Indianapolis, Indiana 46206 
600395 











Its often important 
to reduce anxiety 
prior lo surgery 


Strange surroundings and impending surgical procedures 
may produce acute anxiety in some patients, even though they 
have been carefully counseled and reassured. Injectable Valium’ 
(diazepam) (I.M. route preferred) can calm such patients 
promptly while increasing their cooperation and reducing their 
apprehension concerning the procedure. 

Injectable Valium seldom significantly alters vital signs. 
Nevertheless, use care when administering to the elderly 
and very ill patients and to those with limited pulmonary 
reserve because of the possibility of apnea and/or cardiac 
arrest. Resuscitative facilities should be readily available. 


When giving Injectable Valium (diazepam), reduce the 
dosage of narcotic analgesics by at least one-third. In some 
cases, the use of narcotics may be eliminated entirely. Do not 
mix or dilute Injectable Valium with other drugs, solutions 
or fluids. The 10-mg Tel-E-Ject" disposable syringe is especially 
useful since it provides a convenient method of using Valium 
and at the same time helps assure aseptic handling. 





And important 

to reduce narcotics 
when using 
Injectable Valium ; 


ready-to-use 2-ml lel-E-Ject | (d lazepa m) 


(disposable syringes) | 5mg/ml 





2-ml ampuls 
10- ml vials 


^ 


for excessive anxiety prior to surgery 


Before prescribing, please consult complete product information, 
. a summary of which appears on the following page. 


_ for excessive anxiety prior to surgery 


Injecta ble Valiu (Tl (diazepam) 


ready-to-use 2-ml Tel-E-Ject® (disposable syringes) 


Please consult complete product information, a summary of which 
foliows: 
indications: Tension and anxiety states; somatic ccmplaints which 
are concomitants of emotional factors; psychoneurotic states 
manifested by tension, anxiety, apprehension, fatigue, depressive 
symptoms or agitation; symptomatic relief of acute agitation, tremor, 
impending or acute delirium tremens and hallucinosis due to acute 
alcohol withdrawal; adjunctively in: relief of skeletal muscle spasm 
due to reflex spasm to local pathology; spasticity caused by upper 
motor neuron disorders; athetosis; stiff-man syndrome; tetanus; 
Status epilepticus and severe recurrent seizures; adjunctively in 
anxiety, tension or acute stress reactions prior to endoscopic and 
surgical procedures; cardioversion. 
Contraindicated: In patients with known hypersensitivity to the drug; 
in acute narrow angle glaucoma; may be used in patients with open 
angle glaucoma receiving appropriate therapy. 
Warnings: When used LV., the following procedures should be 
undertaken to reduce the possibility of venous thrembosis, phlebitis, 
local irritation, swelling, and, rarely, vascular impairment: inject 
Slowly, taking at least one minute for each 5 mg (1 ml) given; do not 
use small veins, i.e., dorsum of hand or wrist; extreme care should 
be taken to avoid intra-arterial administration or extravasation. Do 
jg dee or dilute with other solutions or drugs; do not add to 1.V. 
uids. 
Administer with extreme care to elderly or very ill end those with 
limited pulmonary reserve because of possibility of apnea and/or 
cardiac arrest; concomitant use of barbiturates, alcohol or other 
CNS depressants increases depression with increased risk of apnea; 
have resuscitative facilities available. When used with narcotic 
analgesic eliminate or reduce narcotic dosage at least Y5, administer 
in small increments. Should not be administered tc patients in shock, 
coma, acute alcoholic intoxication with depression of vital signs. As 
with most CNS-acting drugs, caution against hazardous occupations 
requiring complete mental alertness (e.g., operating machinery, 
driving). 
Has precipitated tonic status epilepticus in patients treated for petit 
mal status or petit mal variant status. 
Withdrawal symptoms (similar to those with barbiturates and alcohol) 
have occurred following abrupt discontinuance (convulsions, tremor, 
abdominal and muscle cramps, vomiting and sweating). Keep 
addiction-prone individuals under careful surveillance because of 
their predisposition to habituation and dependence. In pregnancy, 
nursing women or women of childbearing potential, weigh expected 
benefit against possible hazard to mother and child. Not 
: recommended for OB use. 
Efficacy and safety not established in neonates (age 30 days or less); 
prolonged CNS depression observed. In children, give slowly (up to 
0.25 mg/ kg over 3 minutes) to avoid apnea or prolenged somnolence; 
can be repeated after 15 to 30 minutes. If no relief after third 
administration, appropriate adjunctive therapy is recommended. 
Precautions: Although promptly controlled, seizures may return; 
readminister if necessary; however, not recommended for long-term 
maintenance therapy. 
if combined with other psychotropics or anticonvulsants, carefully 
consider individual pharmacologic effects—particularly with known 
compounds which may potentiate action of Valium (diazepam), /.e., 
phenothiazines, narcotics, barbiturates, MAO inhibitors and other 
antidepressants. Protective measures indicated in highly anxious 
patients with accompanying depression who may have suicidal 
tendencies. Observe usual precautions in impaired hepatic function; 
avoid accumulation in patients with compromised kidney function. 
Laryngospasm and increased cough reflex are possible during 
peroral endoscopic procedures; use topical anesthetic and have 
necessary countermeasures available, Hypotension or muscular 
weakness possible, particularly when used with narcotics, 
barbiturates or alcohol. Use lower doses (2 to 5 mg) for elderly and 
debilitated. 
Adverse Reactions: Drowsiness, fatigue, ataxia, venous thrombosis 
and phlebitis at injection site, confusion, depression, dysarthria, 
headache, hypoactivity, slurred speech, syncope, tremor, vertigo, 
constipation, nausea, incontinence, changes in libido, urinary 


2-ml ampuls 
10- ml vials 


5mg/mi 


retention, bradycardia, cardiovascular collapse, hypotension, 
blurred vision, diplopia, nystagmus, urticaria, skin rash, hiccups, 
changes in salivation, neutropenia, jaundice. Paradoxical reactions 
such as acute hyperexcited states, anxiety, hallucinations, increased 
muscle spasticity, insomnia, rage, sleep disturbances and stimulation 
have been reported: should these occur, use of the drug should be 
discontinued. Cough, depressed respiration, dyspnea, 
hyperventilation, laryngospasm and pain in throat and chest have 
been reported in perora! endoscopic procedures. Isolated reports of 
neutropenia, jaundice; periodic blood counts and liver function tests 
advisable during long-term therapy. Minor EEG changes, usually 
low-voltage fast activity, of no known significance. 

Dosage: Usual initial dose in older children and adults is 2 to 20 ma 
I.M. or I.V., depending on indication and severity. Larger doses may 
be required in some conditions (tetanus). In acute conditions 
injection may be repeated within 1 hour, although interval of 3 to 

4 hours is usually satisfactory. Lower doses (usually 2 to 5 mg) with 
slow dosage increase for elderly or debilitated patients and when 
sedative drugs are added. (See Warnings and Adverse Reactions.) 
For dosages in infants and children see below; have resuscitative 
facilities available. 

I.M. use: by deep injection into the muscle. 

LV. use: inject slowly, take at least one minute for each 5 mg (1 ml) 
given. Do not use small veins, /.e., dorsum of hand or wrist. Use 
extreme care to avoid intra-arterial administration or extravasation. 
Do not mix or dilute with other solutions or drugs; do not add to 

|. V. fluids. 

Moderate psychoneurotic reactions, 2 to 5 mg I.M. or 1.V. and severe 
psychoneurotic reactions, 5 to 10 mg I.M. or LV., repeat in 3 to 4 
hours if necessary; acute alcoholic withdrawal, 10 mg I.M. or I.V. 
initially, then 5 to 10 mg in 3 to 4 hours if necessary. Muscle spasm, 
in adults, 5 to 10 mg I.M. or I.V. initially, then 5 to 10 mg in 3 to 4 
hours if necessary (tetanus may require larger doses); in children, 
administer l.V. slowly; for tetanus in infants over 30 days of age, 1 to 
2 mg I.M. or LV., repeat every 3 to 4 hours if necessary; in children 
5 years or older, 5 to 10 mg repeated every 3 to 4 hours as needed. 
Respiratory assistance should be available. 

Status epilepticus, severe recurrent convulsive seizures (1.V. route 
preferred), 5 to 10 mg adult dose administered slowly, repeat at 10- 
to 15-minute intervals up to 30 mg maximum. Repeat in 2 to 4 hours 
if necessary keeping in mind possibility of residual active 
metabolites. Use caution in presence of chronic lung disease or 
unstable cardiovascular status. Infants (over 30 days) and children 
(under 5 years), 0.2 to 0.5 mg slowly every 2 to 5 min. up to 5 mg 
(LV. preferred). Children 5 years pius, 1 mg every 2 to 5 min., up to 
10 mg (slow 1.V. preferred); repeat in 2 to 4 hours if needed. EEG 
monitoring may be helpful. 

In endoscopic procedures, titrate I. V. dosage to desired sedative 
response, generally 10 mg or less but up to 20 mg (if narcotics are 
omitted) immediately prior to procedure; if |. V. cannot be used, 5 to 
10 mg I.M. approximately 30 minutes prior to procedure. As 
preoperative medication, 10 mg I.M.; in cardioversion, 5 to 15 mg 

I. V. within 5 to 10 minutes prior to procedure. Once acute 
symptomatology has been properly controlled with injectable form, 
patient may be placed on oral form if further treatment is required. 
Management of Overdosage: Manifestations include somnolence, 
confusion, coma and diminished reflexes. Monitor respiration, pulse, 
blood pressure; employ general supportive measures, l.V. fluids, 
adequate airway. Use levarterenol or metaraminol for hypotension, 
caffeine and sodium benzoate for CNS-depressive effects. Dialysis 
is of limited value. 

Supplied: Ampuis, 2 mi, boxes of 1C; Vialis, 10 ml, boxes of 

1; Tel-E-Ject® (disposable syringes), 2 ml, boxes of 10. Each ml 
contains 5 mg diazepam compounded with 4096 propylene glycol, 
10% ethyl alcohol, 5% sodium benzoate and benzoic acid as buffers, 
and 1.5% benzyl alcohol as preservative. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 . 
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AS THE MONOHYDRATE, 5 BUFFERED, WYETH - 


i p 


Postoperative surgical infections 


Recent advances ín surgical technique have. been SO enak 
able that now total joints can be replaced: with prosthetic 


devices. But the introduction of foreign. materials — 


protheses, pins, nails, screws —designed to replace damaged . 


partsor facilitate healing, can often lead to infection. Common- 
ly, the implicated organism will be a penicillinase-producing 
staph. Progression can be swift and devastati ng. 


Initial antistaph therapy: injection 


It's vitally important that effective treatment-of bacterial inva- 


sion begin as soon as possible. If you suspect the presence 
of staph and must begin therapy before definitive culture 


results are known, Injection Unipen® (nafcillin sodium)t i is a 


particularly suitable agent. .- 


Appropriete spécimens for bacteriologic studies to aserne 
the causative organisms and their susceptibility to nafcillin 
should be taken prior to the first dose of antibiotic. And, if 
those studies subsequently implicate organisms other. than 
penicillinase-producing staphylococci sensitive to nafcillin, 
discontinue it and administer the appro antibiotic. ej 


Rapid penetration 


. Unipen appears rapidly in plasma following. ena 


administration. Penetrates body tissues in high concentra- 


‘tión and diffuses e into pieural, pencardiai and ou 


fluids. : 
| "On call" capability | E 
Reconstitutes in less than 60 seconds: Remains stable for ' 
„24 hours ` ” ee $ 


Follow-up therapy: tablets. 
Unipen is available in tablet form as well as 5 opu So the 


Anjectable form can be used initially in severe infections. And - - 


as soon as the clinical condition warrants, Unipen tablets 


. "allow you to continue antistaph therapy with the same-anti- 
: biotic in a form more agreeable to most patients. 


| *Nafcillin-susceptible penicillinase-producing staphylococci. : 


“+See Imporzant Note on next page: : 


+See important information under Parenteral Administration o on next page, . 


Wyeth Laboratories: isaac Pa. 19101 


TM 


See important information on next-page. 
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Unipen 
(nafcillin sodium) 


AS THE MONCHYDRATE, BUFFERED, WYETH 


Disc Susceptibility Tests: Quantitative methods that require 
measurement of zone diameters give the most precise estimates of 
antibiotic susceptibility. One such procedure* has been recom- 
mended for use with discs for testing susceptibility to penicillinase- 
resistant penicillin-class antibiotics. Interpretations correlate diam- 
eters on the disc test with MIC values for penicillinase-resistant 
penicillins. With this procedure, a report from the laboratory of 
“susceptible” indicates that the infecting organism is likely to 
respond to therapy. A report of "resistant" incicates that the infect- 
ing organism is not likely to respond to therapy. A report of "inter- 
mediate susceptibility" suggests that the organism would be 
susceptible if high dosage is used, or if the irfection is confined to 
tissues and fluids (e.g., urine) in which high antibiotic levels are 
attained. 

*Bauer, A.W., Kirby, W.M.M., Sherris, J.C.. anc Turck, M.: Antibiotic 
Testing by a Standardized Single-Discs Method, Am. J. Clin. Pathol., 
45:493, 1966; Standardized Disc Susceptibility Test, FEDERAL REGISTER 
37:20527-29, 1972. 

Indications: Although the principal indication for nafcillin sodium 
is in the treatment of infections due to penicillinase-producing 
staphylococci, it may be used to initiate therapy in such patients in 
whom a staphylococcal infection is suspected. (See Important 
Note below.) 

Bacteriologic studies to determine the causative organisms and 
their sensitivity to nafcillin sodium should be performed. 

In serious, life-threatening infections, oral preparations of the 

penicillinase-resistant penicillins should not be relied on for 
initial therapy. 
Important Note: When it is judged necessary that treatment be 
initiated before definitive culture and sensitivity results are known, 
the choice of nafcillin sodium should take into consideration the fact 
that it has been shown to be effective only in the treatment of infec- 
tions caused by pneumococci, Group A beta-hemolytic streptococci 
and penicillin G-resistant and penicillin G-sensitive staphylococci. 
If the bacteriology report later indicates the infection is due to an 
organism other than a penicillin G-resistant staphylococcus sensitive 
to nafcillin sodium, the physician is advised to continue therapy with 
a drug other than nafcillin sodium or any other penicillinase- 
resistant semi-synthetic penicillin. 

Recent studies have reported that the percentege of staphylococcal 
isolates resistant to penicillin G outside the hospital is increasing, 
approximating the high percentage of resistant staphylococcal iso- 
lates found in the hospital. For this reason, it is recommended that 
a penicillinase-resistant penicillin be used as in.tial therapy for any 
suspected staphylococcal infection until culture and sensitivity 
results are known. 

Methicillin is a compound that acts through a mechanism similar 
to that of nafcillin sodium against penicillin G-resistant staphylo- 
cocci. Strains of staphylococci resistant to metkicillin have existed 
in nature and it is known that the number of these strains reported 
has been increasing. Such strains of staphylococci have been 
capable of producing serious disease, in some instances resulting 
in fatality. Because of this there is concern that widespread use of 
the peniciilinase-resistant penicillins may result in the appearance 
of an increasing number of staphylococcal strains which are re- 
sistant to these penicillins. 

Methicillin-resistant strains are almost always resistant to all 
other penicillinase-resistant penicillins (cross resistance with ceph- 
alosporín derivatives also occurs frequently). Resistance to any 
penicillinase-resistant penicillin should be interpreted as evidence 
of clinical resistance to all, in spite of the fact that minor variations 
in in vitro sensitivity may be encountered when more than one 
penicillinase-resistant penicillin is tested against the same strain 
of staphylococcus. 

Contraindications: A history of allergic reaction to any of the 
penicillins is a contraindication. 

Warnings: Serious and occasionally fatal hypersensitivity (anaphy- 
lactoid) reactions have been reported in patiants on penicillin 
therapy. Although anaphylaxis is more frequent following parenteral 
therapy it has occurred in patients on oral penicillins. These re- 
actions are more apt to occur in individuals with a history of 
sensitivity to multiple allergens. 

There have been reports of individuals with a history of penicillin 
hypersensitivity reactions who have experienced severe hypersen- 
sitivity reactions when treated with a cephalosporin. Before therapy 
with a penicillin, careful inquiry should be made concerning previous 
hypersensitivity reactions to penicillins, cephalosporins, and other 
allergens. If an allergic reaction occurs, appropriate therapy should 


be instituted, and discontinuation of nafcillin therapy considered. 
The usual agents (antihistamines, pressor amines, corticosteroids) 
should be readily available. 

Precautions: As with any potent drug, periodic assessment of 
organ system function, including renal, hepatic and hematopoietic, 
should be made during prolonged therapy. 

The possibility of bacterial and fungal overgrowth should be kept 
in mind during long-term therapy. If overgrowth of resistant organ- 
isms occurs, appropriate measures should be taken. 

The oral route of administration should not be relied upon in 
patients with severe illness, or with nausea, vomiting, gastric dilata- 
tion, cardiospasm or intestinal hypermotility. 

Safety for use in pregnancy has not been established. 

Particular care should be taken with intravenous administration 

because of the possibility of thrombophlebitis. 
Adverse Reactions: Reactions to nafcillin sodium have been 
infrequent and mild in nature. As with other penicillins, the possi- 
bility of an anaphylactic reaction or serum sickness-like reactions 
should be considered. A careful history should be taken. Patients 
with histories of hay fever, asthma, urticaria, or previous sensi- 
tivity to penicillin are more likely to react adversely. 

The few reactions associated with the intramuscular use of nafcillin 
sodium have been skin rash, pruritus, and possible drug fever. As 
with other penicilfins, reactions from oral use of the drug have in- 
cluded nausea, vomiting, diarrhea, urticaria, and pruritus. 
Parenteral Administration: |t is recommended that parenteral 
therapy be used initially in severe infections. The patient should be 
placed on oral therapy with this product as soon as the clinical condi- 
tion warrants. Very severe infections may require very high doses. 

intravenous Route: The required amount of drug should be 
diluted in 15 to 30 mi. of Sterile Water for Injection, U.S.P., or 
Sodium Chloride Injection, U.S.P., and irjected over a 5- to 10- 
minute period. This may be accomplished through the tubing of an 
intravenous infusion if desirable. 

Stability studies on nafcillin sodium at cancentrations of 2 mg/ml 
and 30 mg/mi in the following intravenous solutions indicate the 
drug will lose less than 10% activity at rocm temperature (70° F.) 
during the time period stipulated: 


Isotonic sodium chloride. ........... ccc cece eee ee eee 24 hours 
5% dextrose in water 0... ec eee ee eee 24 hours 
5% dextrose in 0.4% 

sodium chloride solution.........00.00.0002.0000. eee ee 24 hours 
Ringers SONO. oec cat tkis moter wevan ERN D dri 24 hours 
M/6 sodium lactate solution 

(conc. of 30 MOND) s acoso ses oreet o cud Vias 24 hours 


Discard any unused portions of intravenous solutions after 
24 hours. 

Only those solutions listed above should be used for the intra- 
venous infusion of Unipen® (nafcillin sodium). The concentration of 
the antibiotic should fall within the range of 2 to 30 mg/ml. The drug 
concentrate and the rate and volume of the infusion should be 
adjusted so that the total dose of nafcillin is administered before 
the drug loses its stability in the solution in use. 

There is no clinical experience available on the use of this agent in 
neonates or infants for this route of administration. 

This route of administration should be used for relatively short- 
term therapy (24-48 hours) because of the occasional occurrence of 
thrombophlebitis, particularly in elderly patients. 

Intramuscular Route: The clear solution should be administered 
by deep intragluteal injection immediately after reconstitution. 
After reconstitution, keep refrigerated (2?-B? C.) and use within 
7 days or keep at room temperature (25? C.) and use within 3 days. 
Oral Administration: Beta-hemolytic streptococcal infections 
Should be treated for at least 10 days to prevent development of 
acute rheumatic fever or glomerulonephritis. 

lf oral therapy is inadequate, resort to parenteral nafcillin sodium. 

After mixing, the oral solution must be stored in a refrigerator. 

Discard any unused portion after one week. 
Supplied: INJECTION (VIALS)—Supplied ir; vial sizes of 500 mg., 
i gram, and 2 gram nafcillin sodium as the monohydrate, buffered. 
When reconstituted as recommended, the contents of each vial pro- 
vides, respectively, 2-, 4- or 8-ml. of nafcillin sodium solution 
equivalent per mi. to 250 mg. nafcillin buffered with 10 mg. sodium 
citrate. Film-coated TABLETS—containing nafcillin sodium as the 
monohydrate, equivalent to 500 mg. nafcillin buffered with calcium 
carbonate. CAPSULES— containing nafcillin sodium, as the mono- 
hydrate, equivalent to 250 mg. nafcillin buffered with calcium car- 
bonate. FOR ORAL SOLUTION—Combination pkg. of vial of dry 
nafcillin sodium as monohydrate and bottle of diluent—provides 
80 ml. of solution containing equivalent of 250 mg. nafcillin per 
5 ml. Alcohol 2%. 
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Risks in Therapeutic Portacaval and Splenorenal Shunts 


RONALD A. MALT, M.D., JERZY SZCZERBAN, M.D., R. BRADFORD MALT, A.B. 


Analyses of the records of 120 patients vho underwent portacaval 
shunting (PCS, 57%) or splenorenal shunting (SRS, 43%) from 
1966-1973 disclosed that patients in each group undergoing 
elective shunts had the same preoperative physical condition 
and postoperative mortality rates (~20%). Although the post- 
operative death rate from emergency shunts was 48%, patients 
having these procedures were poorer risks. Long-term incidences 
of encephalopathy were the same, irrespective of the type of 
shunt (PCS, 46%; SRS 36%, P > 0.5). Despite comparisons of 
data most unfavorable for PCS, 5-year survival rates were ‘also 
the same after either type of shunt (all PCS, 29 + 7.5%, SRS, 
42.0 +7.4%, P = 0.23). The survival rate after’ elective PCS 
was also the same as after SRS during the entire 5-year period. 
However, the survival after all elective PCS and SRS was 
significantly . greater than after emergency PCS (P range — 
0.005-0.038); the poorer results of emergency shunting could be 
partly attributed to the poorer condition of patients selected. 
A numerical score based on serum: bilirubin concentrations, 
ascites, and urgency of shunting reliably predicts postopera- 
tive mortality. Long-term encephalopathy is predicted by a 
history of encephalopathy and the urgency of shunting. - 


N THE ABSENCE Of rigorous trials comparing the efficacy 
I and complications: of portasystemic shunts, a sur- 
geon’s personal experience selects the operation for a 
patient who has bled from esophageal varices. Dis- 
criminating observers make different recommendations. 
Some find portacaval and splenorenal shunts equivalent 
in terms of postoperative rates of death and encephalo- 
pathy.?4? Others find differences, but can explain them 
by selection of the patients to be operated upon, rather 
than by advantages inherent in the type of shunt.? 
Still others report distinct functional advantages of 
splenorenal or mesocaval shunts compared with porta- 
caval shunts.%13-23.40.43 
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From the results of portacaval and splenorenal shunts 
at this hospital over an 8-year period, computerized 
analysis of variables has permitted inferences otherwise 
not easily obtainable. Elective: portacaval and spleno- 
renal shunts produced the same incidences of death 
and encephalopathy. A six-point scale derived from corre- 
lating the preoperative condition of patients with post- 
operative survival is a useful predictive index of the 
risk of death; a four-point scale is an index of the risk 
of postoperative encephalopathy. 


Materials and Methods 


Patients. A survey of discharge diagnoses and lists ol 
operations from 1 January 1966 to 31 December 197? 
indicated 142 portasystemic shunts. Records of the 12€ 
patients with adult-onset intrahepatic (parenchymal? 
portal-bed blockage undergoing transabdominal porta. 
caval or thoracoabdominal splenorenal anastomose: 
were analyzed. Followup was 99.2% complete; the 
status of only one patient (portacaval shunt) could no 
be defined on 31 December 1975. Postmortem examina: 
tion was performed in 79% of operative fatalities. 

Data. Laboratory values analyzed were the last ones 
recorded before an operation was performed. Encepkalo. 
pathy was defined by criteria of the individual attending 
physicians and surgeons. The presence of hepatomegaly 
was established by physical examination and of spleno- 
megaly by physical or radiological examination. An emer- 
gency operation was one undertaken within 48 hours of : 
bleeding episode uncontrollable by balloon tamponade o1 
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TABLE 1. Types of Portasystemic Shunts for Parenchymal 
Hepatic Disease, 1966—1973 


Operation Number 
Portacaval 68 
Elective 35 
Emergency 33 
Splenorenal 52 
Mesocaval 8 
128 


Shunts for preparenchymal disease = 14 additional patients. 


intra-arterial infusion of vasopressin or both. An opera- 
tive mortality was death within four weeks of the time of 
shunting (27 patients) or during hospitalization (6 addi- 
tional patients: 4 portacaval, 2 splenorenal). 

Statistical techniques. In addition to ordinary para- 
metric techniques, non-parametric, non-additive,!* and 
multivariate? models were employed as required. Split- 
half cross-validation was performed on predictive scales. 
Survival curves were constructed according to Cutler 
and Ederer® and were analyzed using their methods and 
those of Alling. P values were two-tailed unless other- 
wise specified. | 


Results 


Patients. This report concerns the 120 patients who had 
a portacaval shunt (57%) or splenorenal shunt (43%) for 
treatment of proved or inferred bleeding esophageal 
varices from alcoholic cirrhosis (45%), postnecrotic 
cirrhosis (35%), or cirrhosis of unknown cause (20%) 
(Table 1). Almost half (49%) of all portacaval shunts 
were emergency operations (Table 1). The age and sex 
distributions of patients between the two kinds of shunts 
were the same (Table 2). Seven patients with side-to-side 
portacaval shunts were included in the portacaval group 
and two patients with side-to-side splencrenal shunts in 
the splenorenal group sincé analysis showed that they 
represented the same statistical populations. 


TABLE 2. Distribution of Age and Sex by Operation 
(Per Cent) (120 Patients) 


Male Female 
Portacaval Splenorenal  Portacaval Splenorenal 
Years age (%) (%) (%) (%) ` 
30—39 8.7 18.8 0 10.5 
40-49 30.4 18.8 18.2 15.8 
50-59 32.6 43.8 50.0 47.4 
60-69 21.7 15.6 27.3 15.8 
70-79 6.5 3.1 4.5 10.5 
Total 99.9 100. 1 100. 100. 
No. patients 46 33 22 19 


Portacaval vs. splenorenal by age, P = 0.4. 
Portacaval vs. splenorenal by sex, P > 0.5. 
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Clinical examinations. Splenomegaly, leukopenia, and 
thrombocytopenia were more common in the group 
selected for splenorenal shunting (Tables 3 and 4). 
Since only 44% of all patients had an esophagoscopic 
examination, the diagnosis of bleeding varices was more 
often made by induction than by proof (Table 3). 

Chemical examinations. Patients selected for emer- 
gency portacaval shunting were entirely responsible for 
the higher serum bilirubin concentrations in the whole 
group selected for portacaval shunting compared with 
that selected. for splenorenal shunting (Table 4). Chemi- 
cal estimations were the same for elective shunts of 
both types. 

Preoperative therapy. Patients undergoing splenorenal 
shunting compared with those undergoing portacaval 
shunting had fewer trials of balloon tamponade (27% vs 
60%, P = 0.002) and of intra-arterial vasopressin (10% 
vs 27%, P = 0.049). They had a greater incidence of 
transthoracic variceal ligations (19% vs 7%, P = 0.048, 


-one tail). 


Postoperative mortality. The incidence of overall 
postoperative mortality was 28% (33/120 patients) —20% 
(17/87) after elective operations and 48% (16/33) after 
emergency operations (P = 0.004). Three of the five esti- 
mates of hepatic reserve enumerated by Child’ correlated 
individually with the mortality rate: serum bilirubin 
(P « 0.001) and albumin concentrations (P = 0.037) and 
the presence of ascites (P = 0.002) (Fig. 1). Neurological . 
disorder did not correlate (P = 0.28). The nutritional 
state of our patients was not assessed. Multiple dis- 
criminant analysis of the four Child’s predictors studied 
showed that information about operative mortality rates 
was derived chiefly from assessments of the serum bili- 
rubin level and the presence of ascites. Once these were 
considered, no significant new information was derived 
from the serum albumin level or the presence of enceph- 
alopathy. 

The utility of the more parsimonious predictors 
(bilirubin and ascites) could be improved by regrouping 
the bilirubin levels. An optimization procedure!? re- 


TABLE 3. Assessments by Historical Review, Physical 
Examination, and Other Studies 


Portacaval Splenorenal Combined 

Variable (96) (96) (96) 
History varices 60 79 (P — 0.16) 68 
History encephalopathy 3 29 (P — 0.47) 33 
Concurrent diabetes 14 14 (P > 0.5) 14 
Hepatomegaly 48 39 (P = 0.42) 44 
Splenomegaly 52 88 (P < 0.001) 68 
Ascites 69 60 (P > 0.5) 65 
Spider angiomas 44 49 (P > 0.5) 46 - 
Esophagoscopy 50 35 (P = 0.16) 44 
Barium GI Series 68 65 (P > 0.5) 66 
Angiography 16 18 (P > 0.5) 17 
Not studied 6 10 (P > 0.5) 8 
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TABLE 4. Chemical and Cytological Estimations in Serum and Blood (medians) 
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Bilirubir. Protein Albumin Globulin Prothrombin Leukocytes Platelets x 107? 
Shunt (mg/dl) (g/dl) (g/dl) (g/dl) (sec) (per mm?) (per mm?) 

Portacaval (all) 1.84 6.12 3.28 2.63 15.04 7454 142 

Elective 1.56 6.36 3.31 2.86 15.12 7410 150 

Emergency 2.29 5.56 Su 2.34 14.89 7501 133 
Splenorenal 1.34 6.38 3.40 2.77 14.53 5414 091 
Total Shunts 1.65 6.21 3.32 2.72 14.82 6790 115 

P Values 

SRS vs. all PCS 0.034 0.241 0.396 0.122 0.086 «0.001 0.012 
SRS vs. elective PCS 0.450 0.5 20.5 20.5 0.087 «0.001 0.008 
All elective vs. all emergency «0.001 0.013 0.480 0.004 0.492 «0.001 0.5 





grouped bilirubin levels as $0.99 mg/dl, 1.0—1.99 mg/dl, 
and z2.0 mg/dl. Besides dividing the population of 
patients more nearly into thirds, this grouping correlated 
with our operative death rates better than other cate- 
gorizations (Fig. 1). Presence of intra-operative clotting 
disturbances also was closely associated with death rates 
(P « 0.001). 

Predictors based on serum bilirubin concentrations, the 
degree of ascites, and the urgency of operation each 
added unique predictive information (Fig. 2). Summed 
points from the scale in Table 5 correlated well with 
mortality rates (Table 6 and Fig. 3). Sharp increments in 
mortality were found between two and three points on 
the scale and between three and four points. 

Emergency shunt mortality rate. The 48% death rate of 
emergency shunts (16/33 patients) was more than double 
that of elective shunts (20%, 17/87) (P = 0.004). 

The poor condition of patients chosen for emergency 
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Fic. 1. Mortality rates 
associated with preopera- 
tive concentrations of bili- 
rubin and albumin in 
serum. The panel labeled 
MGH shows the effect of 
regrouping bilirubin levels 
as proposed in the text. 
Numbers within the bars 
show the number of pa- 
tients at risk in each cate- 
gory: 
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operations was partly responsible for the greatly in- 
creased mortality rate. Compared with patients having 
elective operations, patients undergoing emergency 
operations had higher serum bilirubin concentrations and 
lower serum protein and globulin concentrations (Table 
4). Albumin concentrations and the degree of ascites 
were the same. The average point-score of patients having 
emergency shunts was higher than that of patients hav- 
ing elective shunts (6.26 + 0.17 (S.E.) vs 4.74 + 0.13, 
P « 0.001). 

Elective shunt mortality rate. The incidences of death 
and of encephalopathy following portacaval and spleno- 
renal shunts were statistically identical whether the data 
were corrected by eliminating the poor-risk patients who 
had emergency shunts or not. The corrected operative 
mortality rate after elective portacaval shunting was 2096 
(7/33) and 1996 (10/52) after spenorenal shunting (P 
> 0.5). Uncorrected for emergency shunting the death 
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Fig. 2. Correlation of bilirubin levels and ascites with mortality rate. 


rates were also the same (34% vs 19%, P = 0.117). 
There was no association between presence of diabetes 
and operative mortality (P > 0.5). 

Patients undergoing splenorenal shunts had lower 
serum bilirubin levels than all patients undergoing porta- 
caval shunts (Table 4). Their lower leukocyte counts 
and platelet counts were probably signs of hypersplen- 
ism. Splenomegaly was not correlated with the incidences 
of operative death or of postoperative encephalopathy 
(P > 0.5). 

Postoperative encephalopathy. Since almost every 
immediate postoperative death was associated with 
hepatic coma, the incidence of encephalopathy was 
analyzed only in patients who were not operative 
mortalities (N = 87). Differences in survival of patients 
with the two kinds of shunts was not a determinant of 
the incidence of encephalopathy because survival did not 
correlate with the type of elective shunt performed 
(P > 0.5). 

Encephalopathy occurred in 47% (41/87) of patients 
who were not operative mortalities. The incidences 
corrected for the effects of emergency shunting were 36% 
(15/42) for splenorenal shunting and 46% (13/28) after 
portacaval shunting (P > 0.5). 

The best single predictor of post-shunt encephalopathy 


TABLE 5. Scale for Predicting Operative Mortality 


Predictor Points Assigned 
0 i 2 

Bilirubin 

(mg/dl) = 0.99 1.00—1.99 z 2.0 
Ascites none controlled uncontrollable 

(stable) 

Operative 

urgency elective emergency — 


Score is the sum of points assigned for each predictor: minimum = 
0, maximum = 5. 
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TABLE 6. Operative Mortality Predicted by Score 





Points Scored 








0 I 2 3 4 3 
Deaths 
(Per cent) 0 9 14 38 61 100 
Deaths/N (0/160 | (2/23) (4/728) (11/30 (7418) (272) 





was a history of (pre-shunt) encephalopathy. Of patients 
with a history of encephalopathy, 85% (23/27) developed 
encephalopathy after shunting, in contrast with 3096 of 
patients without preoperative encephalopathy (P 
« 0.001). After emergencv operations the incidence of 
encephalopathy was 76% (13/17) vs 40% (28/70) after 
elective shunts (P = 0.016). 

A scale of zero to 3 points for predicting the likelihood 
of postoperative encephalopathy was devised (Table 7). 
Zero points defined 25% chance of encephalopathy and 
each successive step on the scale was associated with 
~25% greater risk of encephalopathy (Table 8 and Fig. 4). 

Hepatic failure present more than four weeks post- 
operative was associated with a greater frequency of 
admitted history of alcoholism (P = 0.024). There was 
no association between the presence of diabetes mellitus 
and of post-shunt encephalopathy (P — 0.151) or between 
age and encephalopathy (P — 0.36). 

Long-term survival rate. Five-year survival rates 
calculated by the actuarial methods showed no differ- 
ence between patients after splenorenal shunting (42.0 
+ 7.4%) compared with those after portacaval shunt- 
ing (29.4 + 7.5%) (P = 0.23) (Fig. 5). Even two years 
after shunting, when the separation between the survival 
curves was greatest at an even-year interval, the differ- 
ence was not significant. Confirmation was found by test- 
ing the curves by the Alling! method, which compared the 
entire curves, not just isolated yearly points. The survival 
rate was the same after elective portacaval shunting as 
after splenorenal shunting (two-tail, P range — 0.18 to 
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Fic. 3. Mortality rates associated with preoperative score (Table 6). 
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TABLE 7. Scale for Predicting Encephalepathy after Shunting 


Points Assigned 


w^ SOT IM eee On EE MENT: 
Predictor 0 l 2 
History encepha- 
lopathy none — yes 
Operative 
urgency elective emergency 


Score is the sum of points assigned for each predictor: minimum = 
0, maximum = 3. 


0.90). The difference between all elective shunts and 


emergency shunts was significant (one-tail, P range 
= 0.005 to 0.038). 


Discussion 


During the 8 years surveyed, mortality rates— short- 
term or long-term— were independent of the type of 
' shunt. Two groups totalling 87 patients with equivalent 
indices of hepatic function were chosen for elective 
portacaval or splenorenal shunting by criteria that differed 
arbitrarily among the individual staff and resident sur- 
geons. In these circumstances, which apply to many 
large hospitals, the postoperative mortality rate corre- 
lated with the degree to which hepatic function was 
preserved. Long-term mortality rates also correlated by 
reason of the effects of postoperative mortality. 

Surgical skill does not appear to be an overwhelming 
determinant of survival rate. The comparison of results 
from this hospital from 1959—1965 likewise showed no 
difference in survival rates after portacaval and spleno- 
renal shunting. The preponderance of splenorenal 
shunts in that survey were done by two surgeons and 
the number of surgeons doing all portasystemic venous 
shunts was fewer than at present. Other studies show no 
differences in 5-year survival rates between the two 
kinds of shunts whether the number of surgeons in- 
volved is few? or many,* although the experience of a 
single expert surgeon may differ from that of surgeons 
in general.?? 

Selection of patients is a major determinant of results. 
When poor-risk patients are picked for splenorenal shunt- 
ing because of physiological advantages attributed to this 
shunt, the mortality rate and the incidence of encephalo- 
pathy exceed those of portacaval shunting.?' If patients 
are chosen for splenorenal shunting only after they have 
survived transthoracic ligation of esophageal varices or 
another operation,**** the results should be especially 
good. Patients with splenorenal shunts in our group had a 
greater incidence of transthoracic variceal ligations. Pre- 
sumably because of selection, survival data in this paper 
are inferior to those recently reported from Paris.? In 
that study the 5-year survival rate after portacaval 
.shunting calculated by actuarial means was 70% and 

after splenorenal shunting, 6596. The greater ease with 
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TABLE 8. Postoperative Encephalopathy Predicted by Score 
(87 Survivors) 


Points Scored 
0 1 l 2 3 


100 
(8/8) 


Per cent 25 55 79 
Enceph/N (9/51) (5/9) (15/19) 


which the French patients were dissuaded from al- 
coholism after operation may contribute to the superior 
results, although abstemiousness confers no benefit 
after portacaval shunting in Boston.®® At Columbia- 
Presbyterian Medical Center, the actual 5-year survival 
rate was 43%* (calculated from data in the paper), but 
survival rates based on actuarial principles would 
allow a more valid comparison with our data. 

Indices of hepatic function predicted the chance of 
survival in the present study and was associated "with 
survival in most others$:12:19.18,21223141,4 despite some evi- 
dence to the contrary.?*? A new scale devised by re- 
grouping serum bilirubin concentrations and consideriug 
only the presence of ascites and the urgency of shuntimg in 
addition produced a continuously predictive scale of 
high reliability. Preoperative encephalopathy was om-tted 
from the scale because it predicts encephalopathy per se 
rather than operative mortality. Orloff? and Praadi? 
and their coworkers evaluate ascites in their predictors 
of survival rate after emergency shunting, but also 
include other elements such as encephalopathy, nutri- 
tional state, and hepatic size. 

No patient with a normal bilirubin level and witaout 
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Fic. 4. Incidence of postoperative encephalopathy associatec with 
score (Table 7). 
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ascites died after an elective shunting procedure. Even a 
slight deviation from normality or an emergency shunt 
instead of an elective shunt raised the risk of postopera- 
tive death to %, a category that for these operations 
might be called ''modest risk." More advanced ab- 
normalities of hepatic function totalling three points on 
the scale put the patients at ‘‘moderate risk”: —1!4. 
"High risk” patients, with four or five points, had a 
15 chance of death. In an earlier study of prognostica- 
tors of death in cirrhotic patients requiring emergency 
surgery for non-variceal sources of gastrointestinal bleed- 
ing, the serum bilirubin level was also the strongest 
predictor, but was enhanced by evaluation of the serum 
albumin level, the prothrombin time, and the presence of 
encephalopathy.*9 

The prognostic scale described here was based on the 
last laboratory values and clinical evaluation before an 
operation was done. For elective shunts these assess- 
ments were usually made one to three days before, 
thereby reflecting hepatic and systemic integrity when 
they were as good as likely. For emergency shunts, the 
assessments were influenced by disequilibrium of the 
vascular compartment resulting from hemorrhage and by 
dilution with electrolyte and colloid infusions and trans- 
fusions of stored blood. 

Although selection of poor-risk patients contributed 
. to the 48% postoperative death rate from emergency 
shunting, performing the shunt as an emergency itself 
increased mortality. Moreover, the death rate for the 
first few years was appreciably greater, despite the 
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Fic. 5. Survival rates after 
shunting. There was no 
significant difference be- 
tween the curves showing 
the results of splenorenal 
shunting and elective porta- 
caval shunting. The signifi- 
cant difference after emer-. 
gency shunting was a result 
of faster attrition during 
the early postoperative 
period. 


similarity of the 30% 5-year survival rate to the 36% 
rate at the University of California at San Diego, whére 
emergency shunting is routine.?? Patients with appreciable 
hepatic decompensation survive there and elsewhere 
(reviewed in ref. 25), but at our hospital the risk is 
not less than 61%, and at the Hôpital Beaujon, Paris,?? 
the mortality rate is over 80%. Older data from a ran- 
domized study of emergency shunting at the Massachu- 
setts General Hospital, indeed, showed a 73% overall 
mortality rate.?9 Evidence of hepatic decompensation 
reflected in the presence of alcoholic hyaline copious 
enough to be recognized on a frozen-section biopsy 


specimen from the liver of a patient undergoing an 


emergency shunt also increases the chance of death.?? 
In choosing between an emergency portacaval shunt 
or trying to stabilize a patient with bleeding varices 
long enough to permit an elective shunt, our scale (Table 
5) might be a useful discriminant. Patients rating zero or: 
one point would seem to be reasonable risks for emer- 
gency shunts (raising their scores to one or two points), 


thereby sparing costs of hospitalization in ''preparing'' 


them for elective shunts. Patients rating four points might 
be weighed only as desperate risks for emergency shunt- 
ing or be allowed to follow their fate with all reasonable 
support, without being subjected to an operation. A 
randomized though perhaps untenable study is implicit in 
these suggestions. 

Conclusions from such a study could not be unequivo- 
cal without mandatory verification of variceal bleeding 
by esophagogastroscopy. That only a minority of patients 
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in the present review had endoscopic examination.is a 


product, first, of the era surveyed and, second, of many’ 


patients having stopped bleeding before they arrived from 
the referring hospital; death before arrival of those with 
hemorrhage obviously represents a bias in selection. At 
present the combination of endoscopic examination and 
preliminary angiographic control of bleeding is nearly 
routine. | 
Survival from bleeding varices is not enough. Freedom 
from recurrent hemorrhage and from disabling encephalo- 
pathy ideally should co-exist. Since randomized studies 


"testify to the protective effect of patent portacaval 


shunts against recurrent hemorrhages," and since 


- conclusions from a retrospective study of the magnitude 


and frequency of hemorrhage are likely to be specious, 
no attempt was made in the present study to assess 


' the effect of shunts on bleeding. The last review from 


this hospital found that the incidence and prevalence of 
gastrointestinal bleeding was greater after splenorenal 
shunting than after portacaval shunting, but that patients 
with splenorenal anastomoses tolerated the hemorrhages 
with less chance -of portasystemic encephalopathy.? 
Whether the better hepatic function of patients with 
splenorenal shunts was responsible for their tolerance to 
bleeding could not be settled. 

Encephalopathy was tallied as an ali-c -or-non phe- 
nomenon in the present review. A statistically similar 
incidence among survivors of splenorenal shunts (36%) 
and elective portacaval shunts (46%) is two-to-three times 
the 1676 overall incidence in Bismuth's? study. In the last 
report from this hospital the incidences were 25% for 
splenorenal shunts and 33% for portacaval shunts.? 

Because of the variables in diagnosing and recording 


.portasystemic encephalopathy resulting in incidences of 


5-to-83%,” retrospective evaluations should be ignored. 
In the only prospective (but ‘‘unblinded’’) study of 
encephalopathy, the incidence was 3896 for controls 
and 53% for patients with end-to-side portacaval shunts, 


. but the difference was insignificant.?? Severe encephalo- 


pathy was much commoner after shunting, however 
(3% vs 20%, P < 0.001). Any report showing less enceph- 
alopathy after any shunt than the 38% incidence of 


_ controls in that study must explain its criteria and con- 


clusions with especial care. 
More credible than the low incidence of encephalo- 
pathy we record is the strong predictive value of a history 


of encephalopathy before shunting; this seems to be a 


variable less subject to error. Eighty-five per cent of our 
surviving patients having had preoperative encephalo- 
pathy had it postoperatively as well. Only 30% of patients 
with no preoperative encephalopathy had it later. 
Failure to confirm earlier reports of a rising incidence 
of postoperative encephalopathy with age!%?"3438 doubt- 
less reflects the vagaries of assessing encephalopathy 


:and different populations of patients, but presenting 
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the incidence by age by the life-table method shows 
no difference either. 

The totality of data in our study identify no over- 
whelming balance in favor of one shunt or the other— 
portacaval or end-to-side splenorenal. An argument could 
be made in favor of the splenorenal shunt, since patients 
survived as long as those with portacaval shunts and 
did at least as well in terms of encephalopathy despite a 
longer and more formidable thoracoabdominal operation 
that per se might be expected to worsen results. Alterna- 
tively, since the portacaval anastomosis is easier to do, 
surer to stop bleeding, and more likely to remain open, in 
the absence of controlled trials preference for it seems a 
bit surer except in select circumstances. One of these 
would be the presence of appreciable hypersplenism 
(platelet count = 50,000 per mm?, leukocyte count 
= 3,000 per mm’), because a portacaval anastomosis re- 
lieves not more than 60% of cases of hypersplenism 
associated with portal hypertension.!^9" Another would 
be preparenchymal (‘‘extrahepatic’’) blocks, for total 
diversion of portal blood in patients with normal hepato- 
cellular function yields an unacceptable incidence of 
portasystemic encephalopathy. Still other indications 
would be thrombosis of the portal vein or inaccessibility 
of the right subhepatic space.” 

The coronary-caval shunti??? may be the ideal for de- 
compressing esophageal varices while disturbing the al- 
ready-damaged portal circulation as little as possible. 
Because of the technical and anatomic problems it pre- 
sents, it may not be widely feasible. Although whole- 
sale endorsement would be premature, the selective or 
distal splenorenal shunt*? promises a practical com- 
promise between technical difficulty and excellence of re- 
sults. Considerable expense, time, and effort are worth- 
while to arrive at the optimal answer since at this hospital 
in 1975 the average cost of a hospitalization involving a 
portasystemic anastomosis was $15,000. 
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DISCUSSION 
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Dr. Malt's skill as a surgeon since he saved my life two years ago 
after an automobile accident. 
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of producing a large caliber portal systemic venous shunt to pre- 
vent further esophageal bleeding, completely ignoring the fact 
that they result in a higher incidence of postshunt encephalopathy 
and liver failure than smaller Caliber shunts. If they are "done 
right” they control esophageal bleeding and prevent postshunt en- 
cephalopathy and liver failure. 
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(Slide). This first slide shows that in 109 consecutive cirrhotic 
patients followed for 5 years after splenectomies and. splenorenal 
shunts, the over-all mortality rate was approximately 43%, whereas in 
40 patiénts with direct portacaval end-to-side shunts, the mortality 
rate. was 64%, so that it would seem to. me, more patients live 
longer, more useful and happier lives with the smaller caliber spleno- 
renal shunts. 

(Slide). Next I will show you a few examples of what can be ac- 
complished with even smaller shunts than the splenorenal end-to-side 
type. This shows you a man of 64 years of age with massive 
ascites for three years secondary to portal cirrhosis. He had been 
under the best of médical care until thé time he was referred to me 
for a splenectomy and an end-to-side splenorenal shunt. He had re- 
quired numerous abdominal paracenteses about once a week before he 
came to my service. 

(Slide). This shows the spleriorenal shunt that I performed. Note 
the shortness of. the segment of the splenic vein used to make the 


anastomosis to the renal vein. It is my opinion that it is important to 


use as short a segment as possible in order to prevent thrombosis 
. of the shunt. His ascites has disappeared and he is living a normal 
life. 

(Slide). This is à venoüs portogram that Mov no evidence of a 
splenic, superior mesenteric, or portal vein. It was performed ori a 
young man who had an extrahepatic portal bed block. (Slide). This 
demonstrates very clearly that you can accomplish a very small 
caliber shunt, using a segment of his saphenous vein, only 8 mm in 
diameter. It was anastomosed to a varix in the mesentery of the small 
bowel and to the inferior vena cava, crossing over the third por- 
tion of the duodenuni, thus establishing a mesocával H shunt. 

This patient had had many, many hemorrhages when I saw him 
first at the age of 15. He had had a previous splenectomy and a 
splenorenal shunt that had failed to control his bleeding. I first 
treated him by trüfisthoracoesophageal ligation of his varices, but 
this did not control his bleeding so I finaliy constructed this H type of 
mesocaval shunt in 1964; 

At the present time he is now married, has a job and has even been 
able to take out a satisfactory life insurance policy. Up to 1964 
he had receivéd approximately 500 blood transfusions, and since 
1964 he has received none, a real triuniph for a small caliber shunt. 

(Slide). The patient on whom Í performed this type of shunt had had a 
previous splenectomy without a shunt but continued to bleed many 
times. He came to me in 1954 and I was able to construct what I 
. have called a coronocaval shunt by anastomosing the distal end of the 
left gastric or coronary vein, 8 mm in diameter, to the inferior vena 
cava. This is a very selective type of shunt as it drains the venous 
esophageal blood directly into the low pressure caval system. 

This man has been employed ever since the operation in 1954, 
He is still leading an active normal life now 22 years since- his corono- 
caval anastomosis was performed, another beautiful example. of the 
therapeutic success of a small caliber portal systemic venous shunt. 

(Slide). This shows a splenorenal shunt performed in a patient 
who was a Class C risk according to Dr. Child’s classification, and I 
had to first suture his esophageal varices transthoracoesophageally 
to save his life. Then 6 weeks later I constructed a splenorenal 
shunt, using a three piece panelled sáphenous vein graft because the 
splenic véin was not sufficiently long. It was not more than 7 or 8 mm in 
diameter. It has been IO years since the shunt was constructed and 
he is without any edenes of encephalopathy or esophageal 
bleeding. 

In conclusion it is my opinion that what we should be interested 
in is how long and well are the patients going to live as well as 
the control of their. esophageal varices after shunt surgery. It seems to 
me, if the younger surgeons interested in this symptom complex 
will learn how to construct these small caliber shunts that I have 
described, the results will be even better than my splenorenal ones. 
Finally I would like to emphasize that it is of vital importance 
in order to obtain the best results in shunt surgery that, in addition 
to having a skillful surgeon, one must have an internist who is ex- 
tremely interested in these sick liver patients and an anesthetist who is 
cooperative and particularly interested in giving one the type of anés- 
thesia that you think is the most desirable. 


Dr. DONALD CLARK NasBsETH (Boston, Massachusetts): I would 
like to emphasize the importance of an intact clotting mechanism 


PORTACAVAL AND SPLENORENAL SHUNTS 287 


in determining immediate mortality in cirrhotic patients undergoing 
shunting. This is especiall¥,.true if one chooses to do the distal 
splenorenal shunt, whére one does not have the advantage of a 
marked decrease in portal ptessure in the immediate posiQperabe 
period. 

In our series of 27 splenorenal shunts, we have had one operative 
death and several close calls from pérsistent intra-abdominal hemor- 
rhage. All patients were in Child Category B or C, and seemed to 
have little postoperative difficulty with other hepatic metabolic. defects. 

What I wish to suggest is that the clotting defects, whether exist- 
ing preoperatively or arising, intraoperatively, may be the most im- 
portant determinant of operative mortality, at least in cirrhotic pa- 
tients undergoing the distal splenorenal shunt. 


Dr. W. DEAN WARREN (Atlanta, Georgia): I actually. agrae with 
most of what Dr. Malt says, and what I would like to do is, simply, 
to show you some nitrogen metabolism | stüdies, as they ‘Teflect 
encephalopathy. One of Dr. Malt’s questions is: How can :bertain 
groups quote such a low encephalopathy level, when in their con- 
trol study 38% of the patients already were classified as being 
encephalopathic? 

The reason is, we do not consider a single episode, sich 'as a 
patient having a massive hemorrhage, and then becoming confused 
during that episode, as having encephalopathy. We were referring 
to chronic portal systemic encephalopathy, in which a petiént is 
chronically undble to tolerate a 60 gm protein diet, or has an ab- 
normal EEG on a 40 cm protein diét. 

This was our original data on a test which was developed in Anant, 
called the maximum rate of urea synthesis. I will not go into all the 
details of it, but, as you know, ammonia, and many other nitrogen- 
containing compounds are metabolized through the Krebs-Henseleit 
cycle. We have identified, and it has now been confirmed in several 
other centers, that there are othér major deficiencies in the cirrhotic 
liver at the two major pathways of entry; namely, ornithine trans- 
carbamylasé and árgininosuccinylsuccinase. 

In addition to that, a total shunt changes the portal flow to ihe liver. 
In this slide-you can see that the selective postoperative shurit and 
the total, which are mesocaval’ shunts, located below, ate both equal 
preoperatively, but there ts a significant drop in the postoperative 
levél, and the number of encephalopathy patients in the yellow group, 
or the total group; is now 8, and we have one in the green group by 
our criteria, which, I stress, is chronic portal systemic encephalop- 
athy, not episodic. 

The way that we can cut it below control levels is that we simply 
stop the number of hemorrhages that these patients have. 

In order to develop a procedure that can be carried out in an ordinary 
hospital, Dr. Rudman has recently restudied the whole problem.of the 
technique of ammonia; and this will be published in the Journal of 
Laboratory Chemistry in May, and he has shown that you can con- 
struct a curve that can be used very much as a glucose tolerance 
curve. If your values are not at least 40 mcg/%, or less, then you, are 
not doing the test correctly. Below are the normals; above, the cirrhotics. 

The next slide shows you again our randomized—and I stress this— 
our randomized series of the selective shunt versus the total shunt. 
And here again the results are highly significant, the value being 
less thai 0.001. 

In this test, immediate flow is one of the factors to the liver, and 
you, can see the tremendous change. This may drop by a seven or 
eight times in this particular test, because poital flow is lost to the 
liver, and, again, the very low values correlate with encephalopathy. 

Finally, I want to point out that there are going to be a number of 
studies of nitrogen compounds which are going to be implicatéd in 
encephalopathy. Dr. Ferrah, of our metabolic study group, has re- 
cently devised the radioimmunoassay of tyramine, and these are his 
preliminary data, which.are being published shortly, showing that the 
controls and the nonhepatitic patients have very low levels of tyramine 
in the blood. The nonencephalopathic cirrhotic is significantly higher, 
and the encephalopathic cirrhotics, which are the total shunts, are 
far higher than any of the other groups studied. 

Thus we believe that these data continue to support the superiority 
of portal perfusion of the liver, as it relates to chronic systemic en- 
cephalopathy and nitrogen metabolism. 


Dr. WILLIAM V. McDznMorT, Jr. (Boston, Massachusetts): 
Our total experience over a number of years differs in several ways 
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from Dr. Malt’s data which have been presented. Interestingly, 
however, it also differs within itself in different segments of time in 
which these data have been analyzed. 

_This amounts to about 500 shunts from 1945 up to 1974. The pro- 
portion of different types of shunts varies from time to time as you see, 
with the popularity. 

The incidence of encephalopathy differs quite significantly from Dr. 
Malt's data. I don't propose to try to analyze the difference, or the 
reasons for these differences in any detail. Obviously these involve 
selectivity at various points in history. Our data wouid tend to ágree 
with Dr. Linton, in that the incidence of encephalopathy is considerably 
lower, with the splenorenal shunt than it has been with the portacaval 
shunt, although this perhaps is counterbalanced by the fact that the 
rebleeding after construction of a splenorenal shunt has been con- 
siderably higher, perhaps roughly twice that as seen in the portacaval. 

I also would like to emphasize that we use the criterion of encephalop- 
athy as mentioned by Dr. Warren; that is, a chronic, postshunt 
encephalopathy, not the hepatocellular failure of the liver which occurs 
with and without portal-systemic shunting, and which is related more 
to a disorder of the hepatic cell than it is to the bypass of the intrinsic 
mechanisms of the liver by.portal blood. 

In terms of the long-term survival by cumulative tables, this would 
suggest the splenorenal shunt does have, in fact, a preferential survival 
value over the portacaval. 

On the other hand, as Dr. Malt has pointed out, one must 
analyze the differences in the groups, and in this particular segment 
of our studies over the years you can see that, by liver index, 
calculated as a composite group of a number of liver function tests, 
and by the operative risk, aS assessed by the anesthesiologists in 
their physical status scale, the splenorenal group, by chance or by 
selection, was actually better by these standards than the portacaval; 
and that probably accounts for the better survival, rather than any 
intrinsic difference.in the shunts themselves. 

I would agree with his comments on prospective studies. I'm sure 
you are familiar with many of the prospective studies in this area 
which have been done by the Boston In-Hospital Liver Group, and by 
others, on the prophylactic and the therapeutic shunts. We're in the 
process now of randomizing the distal splenorenal shunt, which has 
been popularized by Dr. Warren, and which may well prove to have a 
lower incidence of encephalopathy. 


Dr. MARSHALL J. OnLorr (San Diego, California): Our prospec- 
tive studies of unselected bleeding cirrhotic patients who underwent 
emergency portacaval shunt within 8 hours of admission, and involved 
all comers, generally support the conclusions that Dr. Malt pre- 
sented to us today regarding the predictors of survival. In our most 
recent analysis, we found only two factors preoperatively that had a 
significant adverse effect on the outcome. . 

The first was the présence of ascites, which Dr. Malt emphasized, 
and the second was a SGOT level of 100 or more units, which was a 
reflection of acute alcoholic hepatitis and active hepatig necrosis 
superimposed on chronic cirrhosis, 

We analyzed over seventy other factors, alone or in combination, 
and none of them had a statistically significant infiuence on survival at 
the 95% level of confidence. 

However, the crucial question is: Do the large number of so-called 
poor-risk bleeding cirrhotic patients, including those with ascites or 
any other predictors of a high mortality rate, have a better chance of 
survival with portacaval shunt than with any other available form of 
therapy? Dr. Malt’s analysis did not deal with this question. 

In most fields of surgery, including the surgery of portal hyper- 
tension, surgeons have had almost a reflex abhorrence for an operative 
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mortality rate of 10 to 20% or higher, or a long-term survival rate of 
less than 60 or 7076. The main exception to this reflex is in the field of 
cancer, in which the recognized high lethality of the disease makes 
an operative mortality rate of 20% and a 5-year survival rate of 30% 
quite acceptable, and, in some cancers, really quite excellent. 

What is often ignored is the fact that cirrhosis with varix bleeding is 
every bit as lethal as most cancers. Unless the portal hypertension is 
decompressed, 5-year survival of an unselected population of bleed- 
ing cirrhotics is not much more than 5 to 10%. 

Our studies in 233 unselected patients have shown a 10-year survival 
with medical treatment of zero, with emergency transesophageal liga- 
tion, followed by elective shunt (11%), and emergency portacaval 
shunt (29%). 

When you consider that, in a 10-year period of time, in the United 
States 350,000 people die of cirrhosis, and about 117,000 of these 
die of bleeding varices, the salvage of life with emergency portacaval 
shunt is really quite large, amounting to some 35,000 patients. 

It is possible by restricting portacaval shunt to only the good-risk 
patients to obtain a 4 or 5% operative mortality rate and a high long- 
term survival. I'm thankful that Dr. Malt and his colleagues did 
not adopt such a restrictive policy, since so doing is appropriate only 
if there is an alternative form of effective therapy. For cirrhosis 
with bleeding varices there is no alternative form of effective treat- 
ment; and, therefore, restriction of the operation to good-risk pa- 
tients will have a negligible impact on the over-all survival of the disease. 

For example, in the statistics reported by the Boston Interhospital 
Liver Group in 1974, only 9% of some 832 patients with bleeding 
varices were subjected to portaceval shunt. It is simply not possible 
for an operation to significantly affect the survival of a lethal disease 
when only 9% of the patients have the operation. 

The important objective in the therapy of cirrhosis must be improv- 
ing the survival of the over-all population with the disease, not 
selecting a few patierits who will have a low operative mortality rate. 

As of this date, the results of our studies indicate that this objective 
is possible only by the broad application of the portacaval shunt to 
many patients. 


Dr. RONALD A. MALT (closing discussion): 

Dr. Linton.is the doyen of portal-hypertension surgery and con- 
tinues to set the standard to which we aspire. - 

In our original scheme for weighing the figures, we used clotting 
defects, but it turned out that, although it was a very good pre- 
dictive factor, it was not so good as some of the others. Therefore 
we discarded it to keep things simple. I agree with Dr. Nabseth 
entirely. If the patient isn’t going to clot, he is not going to sur- 
vive. The important point that both Drs. McDermott and Warren 
brought up is the definition of encephalopathy. Unless we agree 
on what we are talking about, we are never going to come to the same 
conclusions. I propose that all of us who are interested in this 
problem should decide on a common definition of encephalopathy, 
whether clinical or chemical and that we should ail adopt this in re- 
porting our data. | 

Dr. Orloff's comments are germane. We had SGOT in our original 
list of predictors, but discarded it for the same reason we chase 
not to use clotting factors. 

I am glad that in our hospital the survival rate after. medical 
treatment or ligation of varices is a bit better than it is in California, 
and that our shunt comparisons don’t have to be made with such 
ominous data. But, certainly, it is true that about 20% 5-year survival 
rate in untreated patients is the best one can hope for. One could 
even turn the issue and ask: If the surgical survival rate is only 30 or 
40% with all this effort, is that appropriate, or should we be de- 
voting ourselves to some other line of endeavor? 


Y 


Hepatic Artery Flow Improvement After Portacaval Shunt: 


A Single Hemodynamic Clinical Correlate 


ALBERT R. BURCHELL, M.D.,* AUGUSTO H. MORENO, M.D., WILLIAM F. PANKE, M.D., THOMAS F. NEALON, JR., M.D. 


We have documented a highly significant increment in hepatic 
arterial flow following a portacaval shunt in patients with cirrhosis 
of the liver and portal hypertension. In contrast with other 
hemodynamic variables, the increment in arterial flow was directly 
related to morbidity, hospital mortality, and long term survival. 
Patients with increments smaller than 100 ml/min had the worst 
clinical results. They accounted for all of the hospital mortality, 
the largest incidence of encephalopathy, and the worst long 
term cumulative survival rates. The extent of the increment was 
not related directly to the type of shunt but, rather, to some 
intrinsic capability of the cirrhotic liver to increase its arterial 
flow in response to the relief of sinusoidal hypertension produced 
by the shunt. This capability appears related to the degree of 
entrapment of the hepatic arterioles by the fibrous tissues of 
cirrhosis. This encasement of arterioles should change the elastic 
properties of the hepatic arterial bed and we propose to meas- 
ure these properties by determining the characteristic input 
impedance of the arterial bed. 


ITH REMARKABLE EXCEPTIONS, it can be said that 
W portacaval shunts are compromise solutions for 
otherwise unsolvable situations, 1.e., death from exsan- 
guinating gastroesophageal hemorrhage or, more rarely, 
wasting ascites refractory to all forms of conservative 
treatment. Although shunts are effective means of cor- 
recting these situations, the 10-year life expectancy for 
patients with cirrhosis of the liver subjected to these 
operations is less than 20%.*! Some patients are unable 
to cope with the initial insult of the operation and die 
during their hospital stay. Furthermore, the quality of 
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life of the survivors is compromised by a 30% incidence 
of moderate to severe portalsystemic encephalcpathy. 
And yet, there are sufficient instances of patients leading 
long and productive lives as to discourage any tboughts 
of abandoning this operation. 

Because of the previous considerations, it wzs only 
logical that many investigators, including ourselves, 
would endeavor to find means of identifying those patients 
who would have poor results from those that might have 
reasonable outcomes. Leaving aside patients whose con- 
dition is obviously deteriorated, clinical and laboratory 
findings have not been very helpful means for this 
identification and this might be one of the reasons why 
surgeons began to look into the possible significance of 
several hemodynamic variables. For a while, it seemed 
reasonable that patients with large pre-shunt por:al flow 
should do worse than patients with portal flow markedly 
reduced by diversion through collateral pathways. Here, 
the reasoning was that abrupt diversion of a large 
portal flow by the shunt should produce more harmful 
effects than diversion of a small flow which hed been 
gradually reduced during the natural course of the disease. 
As a consequence of this reasoning, there was a 
proliferation of methods to estimate pre-shunt portal 
flow using a variety of free and occluded pressur2 meas- 
urements as well as radiologic and radioactive stud- 
ies .279-39-40.41.43 Tn two previous communications we re- 
ported lack of correlation between various estimates of 
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portal flow and-the magnitude of the actually measured 
flow and between the latter and clinical course of our 
patients.??* We also discussed the hemodynamics of the 
occluded portal pressures and showed their lack of rela- 
tion to the portal flow in the absence of occlusion. 
Other works in the literature have sought clinical correla- 
tions with a presumed spontaneous reversal of portal 
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flow in cirrhosis.? Recentlv, we analyzed the case for and 
against this spontaneous reversal and concluded that the 4 
evidence was mostly circumstantial and that, if existing Y 
at all, its incidence must be so rare as to have only 
marginal clinical significance.?9:30 

Among several editorial comments on our results?39:37 
one, by T. B. Reynolds, expressed the hope that hepatic 


TABLE |. Data Ordered by Magnitude of Post-shunt Increment in Hepatic Arterial Flow 


Hepatic Artery Flow Hepatic limb 
(ml/min) Flowt 
Incre- Post- Shunt Pro- Retro- 
Pt. No. ment Pre shunt type* grade grade 
92 0 680 680 E.S. i— — 
123 0 130 130 E.S. i-— — 
147 25 420 445 S.S. $— — 
149 25 295 320 S.S. 105 — 
102 30 290 320 E.S. i-— — 
106 30 290 320 E.S. i-— — 
97 40 860 900 E.S. ${— — 
126 40 180 220 S.S. 250 — 
152 45 185 230 S.S. $— — 
90 70 350 420 E.S. i— — 
101 70 380 450 E.S. i-- — 
130 70 210 280 S.S. 200 — 
142 70 410 480 S.S. $— — 
150 70 410 480 S.S. $— — 
146 75 310 385 S.S. 470 — 
138 90 230 320 E.S. i— — 
133 100 220 320 S.S. 270 — 
122 105 625 730 b. f-— — 
132 120 420 540 S.S. — 980 
98 130 250 380 ES. į— — 
125 130 220 350 E.S. Í-— — 
131 140 280 420 S.S. — 340 
121 160 550 710 E.S. i-— — 
103 170 610 780 S.S. 680 — 
153 170 310 480 S.S. $— — 
141 220 510 730 E.S. i-— — 
91 250 230 480 S.S. — 288 
94 250 490 740 E.S. i-— — 
115 255 425 680 E.S. i— — 
114 270 410 680 E.S. i-— — 
99 295 135 430 S.S. 1 0 0 
116 315 295 610 E.S. {— — 
154 330 280 610 S.S. — 440 
136 340 280 620 S.S. — 660 
143 370 430 800 S.S. — 625 
135 400 280 680 S.S. — 720 
117 410 490 900 E.S. i-— — 
145 410 410 820 S.S. — 520 
120 420 420 840 E.S. i— — 
151 425 395 820 S.S. — 380 
139 430 210 640 S.S. $— — 
107 445 295 740 E.S. {—- — 
134 460 420 880 S.S. $— — 
. 144 470 410 880 S.S. — 1295 
148 500 380 880 S.S. — 410 
156 510 480 990 S.S. — 230 
137 700 420 1120 S.S. — 920 


* E.S.: End-to-side anastomosis. S.S.: Side-to-side anastomosis. 


+ Refers to direction of flow in hepatic limb of a side-to-side portacaval anastomosis. 


t Not applicable. 
$ Not measured. 
{| Stagnant flow. 
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arterial flow measurements might still be useful. Actually, 
on the basis of a preliminary series of measurements, 
we proposed to the American Surgical Association in 
1968 that there should be a correlation between the post- 
shunt increment in hepatic arterial flow and the clinical 
course of our patients.? Now, with an increasing number 
of measurements of pre and post-shunt hepatic arterial 
flow and with a prolonged course of follow-up of our 
patients, we begin to find statistically significant patterns 
which point to the post-shunt increment in hepatic arterial 
flow as the only clinical correlate so far uncovered. 
These patterns appear to be the first meaningful clue 
towards an understanding of the relationship between 
hemodynamics and clinical results. Despite the com- 
plexity of the problem, the fundamental features of our 
interpretation appear sound and we will present them to 
the best of our current understanding. 

We recognize that our results are retrospective but, 
because of the information and understanding they 
provide, they should pave the way for future applica- 
tions and predictions. In the section of Discussion of this 
report we introduce the concept of a new variable, 
the characteristic input impedance of the hepatic arterial 
bed, which should be related to the elastic properties of 
the bed. We further propose to relate these elastic 
properties to the capability of the hepatic arterial bed to 
increase its flow in response to the lowering of sinusoidal 
pressure produced by the portacaval shunt. Within our 
present technology, we can measure this variable im- 
mediately before the construction of the shunt by using the 
ratio of instantaneous pressure to instantaneous flow in 
the hepatic artery. It is conceivable that some future 
estimates of this variable could be made preoperatively 
at the time of selective hepatic artery catherization for 
angiographic studies. 


Materials and Methods 


Forty-seven patients admitted to the medical and 
surgical services of St. Vincent's Hospital and Medical 
Center of New York from January 1966 through April 
1972, are the subjects of this study. These 47 patients 
were selected from our larger overall experience with 
portacaval shunt only on the basis of having obtained 
technically successful measurements of hepatic artery 
flow before and after the construction of a porta- 
caval shunt. No patients were excluded and they were in 
no other way unique. An end-to-side portacaval 
anastomosis was constructed in 20 patients and a side- 
to-side shunt in the remaining 27. 

The followup data were available on all operative 
survivors for a period of 3 years 6 months to 9 years 
10 months with a mean followup period of 6 years and 
10 months. Nine patients were lost to followup (mean 4 
years and 11 months) and they were treated by the ac- 
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TABLE 2. Increment in Hepatic Artery Flow 
After Portacaval Shunt (in mlímin) 





Number of patients 47 
Pre-shunt flow: 364 + 21 S.E. 
Post-shunt flow: 582 € 34 S.E. 


p « 0.001 





tuarial method for cumulative survival rates.* All the pa- 
tients were followed by the same team of surgeons 
who performed or supervised their portacaval shunts. 

Flows were measured with successive generations of 
the square wave electromagnetic flowmeter of Denison 
and Spencer (Carolina Medical Electronics, Winston 
Salem, North Carolina). Statistical treatment of the data 
and graphic plots were obtained using a small digital 
computer and attached x-y plotter (Hewlett-Packard, 
Models 9100-A and 9125-A). 


Results 


The raw data from which all our computations were 
derived are given in Table 1. They could also be used 
for further computations if desirable in the future. 
There was a statistically highly significant increment in 
hepatic arterial flow after the establishment of a porta- 
caval anastomosis: P «0.001 (Table 2). There was no 
correlation between the size of the pre-shunt hepatic 
artery flow and its post-shunt increment (r — 0.11, P 
« 0.7) or between the latter and the magnitude of the 
pre-shunt portal venous flow (r = 0.13, P < 0.9). The dif- 
ference in increment in hepatic arterial flow between the 
20 patients with end-to-side anastomosis and the 27 
patients with side-to-side anastomosis had a borderline 
statistical significance: P «0.05 (Table 3). However, 
these results changed markedly when the patients with 
side-to-side shunts were divided in groups according to 
the direction of venous flow in the hepatic limb of their 
anastomosis. We had these measurements in 20 of the 27 
patients with side-to-side shunts. In 13 of these patients, 
hepatic blood exited the liver via the hepatic limb of the 
anastomosis. The average volume flow leaving the liver 
via this newly created accessory outflow tract was 596 
+ 86 S.E. (ml/min). One patient had stagnant flow in 


TABLE 3. Increment in Hepatic Arterial Flow After Various Types 
of Portacaval Anastomosis in 47 Patients (mlimin) 


End-to-side: 172 + 32 S.E. 

All side-to-side: 260-37 &E. P< 90 

Side-to-side with 
prograde flow: 80 + 21 S.E. 

Side-to-side with P < 0.001 
retrograde flow: 381 + 43 S.E. 

End-to-side: 172 + 32 S.E. 

Side-to-side with P « 0.001 
retrograde flow: 381 + 43 S.E. 
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TABLE 4. Increment in Hepatic Artery Flow in Relation to 
Encephalapathy (ml/min) 


Number of patients 47 
Encephalopathy: 110 + 28 S.E. 
No encephalopathy: 275 + 31 S.E. 

P < 0.001 


the hepatic limb of the shunt with only to and fro motion 
of the blood synchronous with respiration. In six other 
patients with side-to-side shunts, splanchnic blood con- 
tinued entering the liver via the hepatic limb of the 
anastomosis and this prograde flow averaged 329 + 86 
S.E. (ml/min). Patients with prograde flow in the hepatic 
limb of their side-to-side shunt had a smaller incre- 
ment in hepatic artery flow than those who had retro- 
grade flow and the difference was statistically highly 
significant: P « 0.001 (Table 3). The difference between 
the larger increment in hepatic artery flow in patients 
with retrograde flow in their side-to-side shunt and that of 
patients with end-to-side anastomosis was also highly 
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Fic. 1. Frequency distribution of post-shunt increments in hepatic 
arterial flow in patients suffering from portalsystemic encephalopathy. 
Note that almost 7076 of these patients had increments smaller than 
100 ml/min. 
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TABLE 5. Post-shunt Increment in Hepatic Artery Flow (ml/min) 
and Hospital Course of Patients 


Number of patients 47 
Hospital mortality: 53 + 12 S.E. 
Survivors: 252 + 28 S.E. 

P < 0.01 


significant: P « 0.001 (Table 3). Patients with persistent 
flow into the liver via the hepatic limb of their side-to- 
side shunts had the smallest increment of this entire 
group (Table 3). | 

In our series, there were 15 patients (32%) who had 
moderate to severe portalsystemic encephalopathy fol- 
lowing the shunt. The anastomosis was of the end-to- 
side type in 10 of these patients and of the side-to-side 
variety in the remaining 5 patients. A test of significance. 
for the different incidence of encephalopathy according 
to the type of shunt gave a X? — 5 with a probability 
value of P « 0.025. However, the difference between the 
small post-shunt increment in hepatic arterial flow of the 
patients who developed encephalopathy and the larger 
increment of those who were free of this complication 
was statistically highly significant: P « 0.001 (Table 4). 
The frequency distribution in Fig. 1 shows that almost 
70% of the patients having post-shunt encephalopathy 
had increments in hepatic arterial flow smaller than 100 
ml/min. Actually, 10 of the 17 patients (59%) with 
increments smaller than 100 ml/min had encephalopathy, 
while only 5 of the 30 patients (17%) with increments 
larger than 100 ml/min suffered from this complication 
(X? = 8.9; P « 0.003). Note also that only 2 of the 22 pa- 
tients (7%) with increments larger than 200 ml/min had 
encephalopathy. 

Seven of our 47 patients (15%) died in the hospital 
while 40 survived their hospital stay. Three of the 7 pa- 
tients who died had an end-to-side anastomosis and four 
had a side-to-side anastomosis. The difference was not 
statistically significant (x? = 0.0003). However, there was 
a significant statistical difference between the very small 
increment in hepatic artery flow of the patients who 
died in the hospital and the larger increment of the pa- 
tients who survived: P « 0.01 (Table 5). All of the 7 pa- 
tients who died during their hospital stay had increments 
smaller than 100 ml/min and, consequently, none of the 
30 patients with increments larger than 100 ml/min died 
during their hospitalization. Eleven of the 17 patients 
(65%) with increments smaller than 100 ml/min were dead 
within one year of their portacaval shunt while only 4 
of the 30 patients (13 per cent) with increments larger 
than 100 ml/min died within one year (X? = 13.2; P 
« 0.0005). In the overall series, 3296 of patients died 
during the first year following the portacaval shunt, and 
their increment in hepatic arterial flow (135 + 33 S.E. 
ml/min) was significantly smaller (P « 0.01) than that of 
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those surviving this period of observation (267 + 32 
S.E. ml/min). The increment in hepatic arterial flow in 
this group of patients was not related to the type of 
shunt they received. The increment in those having end- 
to-side shunts (169 + 64 S.E. ml/min) was not significantly 
different (P « 0.4) from that in patients having side-to-side 
shunts (114 + 37 S.E. ml/min). 

The difference in survival in relation to the magnitude 
of the post-shunt increment in hepatic arterial flow can be 
more clearly seen in Fig. 2 where, using the actuarial 
method,’ we plotted cumulative survival rates vs time. 
The projected 10-year survival rate for patierits who had 
post-shunt increments in hepatic arterial flow larger than 
100 ml/min was 40% against a projected zero 10-year 
survival rate for those having increments of less than 100 
ml/min. The difference between the two survival rates 
was statistically highly significant (X? — 6.8; P « 0.008) 
and the probability of surviving, calculated from the 
ratios of the sums of expected and observed mortality, 
was three times greater for patients with increments 
larger than 100 ml/min. When the two groups were com- 
bined (curve not plotted), the projected 10-year survival 
rate approached the usual 20% figure. 


Discussion 


The discussion of our results is not simple and, in some 
instances, predisposes to circular thinking. There are 
areas in which it is not always obvious how to establish 
proper cause-effect relationships between the variables 
accessible to our measurements and the observed re- 
sults. There could also be ‘‘hidden’’ variables which were 
operating without our recognition. At the cost of some 
artificiality, and inevitable overlapping of subjects, we 
will discuss the most important issues under separate 
subheadings before attempting to integrate them into a 
unified overall view. We will also indicate some new 
avenues of investigation which appear logical con- 
sequences of our present results. 


Pathophysiology of post-shunt increment in hepatic 
arterial flow 


A mutual influence between the two inflow tracts of the 
liver, the portal vein and the hepatic artery, was suspected 
to exist in cirrhosis after early perfusion studies of organs 
removed from cadavers.?! With the advent of practical 
electromagnetic flowmeters, some relationships were 
demonstrated in live human subjects submitted to surgical 
interventions. That clamping of the portal vein produces 
changes, usually increases, in hepatic arterial flow was 
clearly shown in the early studies of Schenk and asso- 
ciates,?? Ferguson, and Price and associates.?? The latter 
also observed post-shunt increments in hepatic arterial 


m flow in a small group of patients subjected to porta- 
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Fig. 2. Cumulative survival curves constructed using the actuarial 
method (see text) in patients who had post-shunt increments in 
hepatic arterial flow larger than 100 ml/min and smaller than this 
quantity. Note that the 1/12 marking on the abscissa corresponds to 


hospital mortality. The difference between the two curves was sta- 
tistically highly significant (X? = 6.8; P < 0.008). 


caval anastomosis and they thought that some resistance 
in an ‘“‘unknown location" must have been lowered by 
the operation. We believe that their thinking was correct 
and will indicate the most probable location of such 
resistance at the. same time that we offer a plausible 
mechanism to account for its lowering after construction 
of a portacaval shunt. We will use currerit knowledge of 
the behavior of denervated terminal vascular beds where 
the relationship between arteriolar, capillary, and venous 
pressures and resistances have been studied in detail 
under controlled conditions.* We must emphasize that the 
equation given in the footnote was derived for denervated 
vascular beds and cannot account for any neuro- 
chemical-vascular feedback loop. However, it is a very 
useful expression to visualize the interaction of the 


* The value of the capillary pressure (pe), a variable of great interest 
to us, is given by an equation derived by Pappenheimer and Soto- 
Rivera*?: 


Pe = [(ty/Ta)(Pa + PvE] + Gv/r)]7 


where r, and r, are respectively venous and arteriolar resistance, and 
Pa Py are the arterial and venous pressure. 
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variables involved. In cirrhosis with portal hypertension 
there is impairment of venous outflow, the so-called 
postsinusoidal obstruction, which leads to a sequence of 
increased venous resistance, iricreased venous pressure, 
and increased sinusoidal pressure. The arterial reservoir 
"*does not see’ ' these, important but comparatively small 
changes in pressure (in relation to its own high pressure) 
because of the. presence of a normally ‘high arteriolar 
resistance which acts as an isolating resistor. The terms 
large and small; as used here, have only relative sig- 
nificance. Thus, a large increment in venous outflow re- 
sistance with respect to its normal value, is still small 
when compared with the normal artericlar resistance 
which dissipates almost 90% of the pressure energy 
imparted to the blood by the ejecting ventricle. Never- 
theless, the resulting elevation in capillary pressure has 
important consequences. This elevation of sinusoidal 
pressure in cirrhosis has been repéatedly documented by 
hepatic vein ‘ ‘wedged’” pressure measurements. A high 
venous outflow resistance in cirrhosis has been also 
documented by the relatively large gradient between 
the abnormally elevated sinusoidal pressure obtained 
from the ‘‘wedged”’ position and the relatively small free 
hepatic vein or caval pressures. In contrast, a very small 
presinusoidal resistance has been demonstrated by the 
elegant studies of Reynolds and associates,?* who showed 
negligible differences between the sinusoidal pressure 
measured from the hepatic vein ‘‘wedged’’ position and 
the simultaneous value df the portal pressure measured 
from a catheter inserted into the portal vein via the 
recanalized umbilical vein. For the purpose of our dis- 
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Fic. 3. Schematic repre- 
sentation of the sequence of 
events that develops after 
outflow obstruction of any 
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cussion, the data of Reynolds and associates are im- 
portant because they will permit us. to make very good 
approximations of sinusoidal pressure from the value of 
the free, not the occluded, portal pressure. 

Contrary to the simplified case of.denervated terminal 
vascular beds, the case of the hepatic circulation is 
significantly more complex. First, the capillary or 
sinusoidal bed has the extra inflow provided by the 
portal venules which contributes to the value of the 
sinusoidal pressure. The now more complicated network 
with complex relationships between pressures, resist- 
ances, and flows car be best visualized using the steady 
state analysis of the Wheatstorie bridge analogy which 
we have given in detail in previous communications.**9 
Second, the neuro- -chemical-vascular feedback loops of 
the system should be considered in the analysis. . 

An important consequence of the elevated sinusoidal 
pressure secondary to outflow obstruction is the incre- 
ment in transmural pressure across the sinusoidal. wall, 

e., the difference between the pressure of the plásma 
within the sinusoids (Pp) and that of the extravascular 
interstitial fluid (P,;).* According to the equation for fluid 
movement across a capillary wall given in the footnote, 


* Fluid movement (FM) across a capillary wall is given by!*: 
FM = k[P,; — Il; — Pic + Td] 


which, disregarding the grouping of signs and variables, says that 
filtration into the extravascular spaces is favored by an increase in 
transmural pressure or hydrostatic gradient (Pj; — Pir), by an increased 
osmotic gradient (II; — I1,)) and by a larger permeability of the capillary 
wall (k). 


A 
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we see that all the conditions for an read filtration 
into the extravascular tissues are met in the cirrhotic 
liver: the hydrostatic gradient is increased by elevation 
of the sinusoidal or plasma pressure; the osmotic gradient 
is increased (toward the extravascular spaces) by lower 
levels of plasma proteins; the filtration constant (k) 
is known to be the highest of any capillary bed in the body 
even under normal conditions," and there is a presump- 
tion that it may be further increased in cirrhosis.?9 Find- 
ings of such large structures as red blood cells in the 
thoracic duct lymph of some patients with cirrhosis?? 
may support this presumption: Excessive transudation of 
fluid into the extravascular spaces in cirrhosis has been 
shown by us using intraparenchymal deposition of con- 
trast medium? and it can also be presumed from the 
increased rates of thoracic duct lymph found by 
Dumont." The extreme case of excessive transudation 
leads to weeping of hepatic lymph from the hilar structures 
of the liver which, if exceeding the capability of the 
peritoneal surfaces to-absorb it, results in ascites. The 
fact that not all patients with cirrhosis and portal hyper- 
tension develop ascites indicates that the causes dis- 
cussed above may be necessary but not sufficient to 
produce the accumulation of ascitic fluid. How other 
causes may be required to coexist cannot be included 
within the limits of this report. 

As in other types of edema, transudation of plasma 
into the hepatic extravascular spaces tends to be a self- 
limiting phenomenon. This is apparently the result of 
efforts to preverit the accumulation of a large fluid bar- 
rier that would severely impair interchanges of oxygen 
and other products between the capillaries and the extra- 
vascular spaces. One way of limiting transudation is to 
reduce the inflow of blood into the capillaries. This 
prevents further elévations in sinusoidal pressure as the 
disease progresses and further impairs venous outflow. 
Probably, the first to suffer is the portal inflow be- 
cause the splanchnic venoüs bed cannot elevate its 
pressure beyond some 500 to 600 mm H;O (37 to 44 
mm Hg) and the gradient for portal flow, i.e., the 
pressure differéntial between the splanchnic venous re- 
servoir and the sinusoidal bed becomes progressively 
reduced. With this reduced gradient, splanchnic blood 
finds it easier to také the route of collateral pathways 
having lower downstreani pressures and portal inflow 
diminishes by an average of more tlian one-half the 
normal value. In many patients, portal inflow is very 
small or even ceases.?7-?? Reducing hepatic arterial flow 
is a more complicated problem and cannot be achieved 
passively as is the case with the portal inflow. This is 
due not only to the higher head of pressure iri the arterial 
reservoir but also to the active throttle effect of the 
arteriolar resistance. It is known that physiological prep- 
arations with obstructed venous outflow, elevated capil- 
lary pressure, and increased filtration rates, have de- 
creased tissue oxygen tension.'4^ In these preparations, 
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Fic. 4. A similar situation as in Fig. 3 for the more complicated hepatic 
circulation. Here, not only the arterioles but also the portal venules 
contribute to the value of the sinusoidal pressure. Portacaval shunts 
diminish sinusoidal pressure by removing the portal contribution, the 
case of end-to-side shunts, or by creating a portal accessory outflow 
tract, the case of side-to-side shurits. The broken arrow in the portal 
venules indicates removal of sinusoidal blood by the accessory outflow 
tract with consequent relief of sinusoidal hypertension. 


the diminished oxygen tension appears to set up a feed- 
back loop which increases the arteriolar resistance and 
diminishes the arterial inflow. It seems that the price of a 
lower rate of perfusion is less costly than that of a de- 
creased oxygen tension. The role of the tissue oxygen 
tension as the controlled variable lias been shown in 
several tissues,!4 and there is:no reason to believe that 
this would not be true for the hepatic tissues of cirrhotic 
livers with outflow obstruction. A clinical exaniple of this 
arteriolar constriction, and reduced arterial flow, is found 
in the venous outflow obstruction of patients with throm- 
bophlebitis.9 Fig. 3 is a schematic représentation of the 
sequence of events in physiological preparations with 
venous outflow obstruction, and Fig. 4 shows the more 
complicated arrangement iri the hepatic circulation. 

. Within the above scheme of nature, it becomes possible 
that a portacaval shunt by reducing the sinusoidal pres- 
sure would deactivate the feedback loop and reverse the 
process, i.e., increase the reduced arterial inflow. How- 
ever, it is important to note, at this point, that there 
was no proportionality in our patients between the mag- 
nitude of the post-shunt increment in hepatic arterial 
flow and the size of the pre-shunt arterial inflow, a 
finding that may indicate that other factors in addition 
to those discussed may be involved in determining the 
size of the post-shunt increment. We will return to this 
subject in the next section of this discussion. In the mean- 
time, we will only state that there are two plausible 


296 


mechanisms by which portacaval shunts may decrease 
sinusoidal pressure: by removing all the portal contribu: 
tion to the sinusoids, as is the case in end-to-side 
anastomosis or by creating an accessory outflow tract, 
as is the case in the side-to-side shunts with reversal 
of flow in the hepatic limb of the anastomosis. 
The side-to-side shunts which show some splanchnic 
blood still entering the liver via their hepatic limb 
should occupy a place in between the two previous 
situations. 


Influence of type of portacaval anastomosis upon post- 
shunt increment in hepatic arterial flow 


In our initial computations we found only borderline 
statistical differences in post-shunt increment in hepatic 
arterial flow between the patients who had end-to-side 
anastomosis and those who had side-to-side shunts. 
However, when we divided the side-to-side shunts ac- 
cording to the direction of flow in their hepatic limb, the 
difference in favor of those who had reversed flow be- 
came statistically highly significant as was shown in Table 
3. We will attempt to discuss the meaning of these 
results although we should warn the reader that this is a 
subject that may readily lead into the pitfalls of circular 
reasoning. | 

There is no question that in our series, all side-to-side 
shunts which ''succeeded"' in reversing the flow in their 
hepatic limb were associated with the largest post-shunt 
increments in hepatic arterial flow. It seems reasonable 
that this newly created outflow tract would relieve the 
outflow obstruction and, therefore, decrease the sinu- 
soidal pressure to the largest extent. In purely hydraulic 
terms, this would result in the largest post-shunt incre- 
ment in hepatic arterial flow. On the other hand, the side- 
to-side shunts which *''failed'' to reverse the flow and 
continued delivering splanchnic blood into the sinusoids 
should reduce the sinusoidal pressure even less than the 
erid-to-side shunts which remove all of the portal inflow 
into the sinusoids. This reasoning would agree with the 
fact. that patients having side-to-side shunts which 
"failed" to reverse flow in their hepatic limb had the 
smallest increment in hepatic arterial flow of the entire 
group. It may also point to the undesirability; with respect 
to increasing hepatic arterial flow, of operations which 
deliberately preserve portal inflow.*? 

The arguments in the previous paragraph appear reas- 
onable, perhaps too reasonable for those of us who have 
become accustomed to distrust oversimplified schemes. 
In the first place, we have no right to assume that some 
side-to-side shunts ‘‘failed’’ while others "succeeded" 
in reversing the flow in the hepatic limb of the anas- 
tomosis. This seems to imply that the shunts which 
"failed" were mechanically inferior or defective shunts, 
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an implication which might be true, but for which we 
have absolutely no évidence. Perhaps the strongest ob- 
jection to this oversimplified reasoning is the fact that the 
post-shunt increment in hepatic arterial flow was not 
proportional to the increment in the gradient of pressure 
between the arterioles and the sinusoids. A few compu- 
tations will clarify this point. For the best case, a porta- 
caval shunt would lower the portal pressure from say, 
30 mm Hg to about 15 mm Hg." If we assume that 
the sinusoidal pressure is lowered by an approximately 
equal amount, a not entirely unreasonable assumption, 
we can estimate the gradient or pressure differential for 
hepatic arterial flow before and after construction of 
the shunt. Any errors introduced by this assumption 
would be in the direction of overestimating the extent 
of lowering of sinusoidal pressure and would add strength 
rather than weakness to- our next argument. For a mean 
arterial pressure of approximately 100 mm Hg, the in- 
crease in gradient produced by the shunt would be about 
20% and this quantity would not vary very much from 
patient to patient since pre and post-shunt values of portal 
pressure vary within a very narrow range.”’ Despite this 
rather constant increment in gradient for post-shunt 
hepatic arterial flow, the actual increment in flow varied 
from as little as zero to as much as 200%. 

Portacaval shunts do appear to increase hepatic arteria] 
flow by lowering the sinusoidal pressure and, to a certain 
extent, it is possible. that the greater the lowering the 
larger the increase in arterial flow. In this sense some 
types of shunts may appear superior to others. How- 
ever, as just calculated, the variation in post-shunt 
arterial pressure gradient is not within the range of the 
observed variation in the post-shunt increment in hepatic 
arterial flow. Therefore, this variation must be related to 
some intrinsic ability, or inability, of the cirrhotic liver 
to increase its arterial flow once that it has been given 
fair, good, or excellent improvements in the pressure 
differential. 


A ''hidden'' variable for post-shunt increment in hepatic 
arterial flow and a plausible mechanism limiting the mag- 
nitude of such increment 


Granting that portacaval shunts, by lowering sinusoidal 
pressure, initiate the sequence of events leading to post- 
shunt increments in hepatic arterial flow, we are forced 
to conclude that other important mechafisms must also 
determine the final size of the increment. From the 
previous section, it is clear that with a Constant arterial 
pressure, the rather limited range of improvement in the 
pressure differential for post-shunt arterial flow cannot 
account for the large range of variation of the actual 
increment in this flow. Clearly, within the restricted range 
of change of the pressure gradient, the large variations 
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in flow can only be ascribed to adjustments of the only 
remaining determinant of flow, the hepatic arteriolar 
resistance. It is entirely conceivable that a hepatic 
arteriolar resistance, with its value increased above 
normal by the feedback mechanisms proposed in the 
first section of this discussion, would tend to return 
to more normal values once the variable controlled 
by the feedback loop is relieved. All the available 
evidence points to diminished tissue oxygen tension 
produced by a large fluid barrier secondary to sinusoidal 
hypertension as this controlled variable. Consequently, 
hepatic arteriolar resistance should decrease after a 
portacaval shunt and this would result in a corresponding 
improvement in hepatic arterial flow. However, two facts 
of observation complicate the interpretation of this issue. 
First, the post-shunt increment in hepatic arterial flow 
was not proportional to the pre-shunt magnitude of the 
arterial flow and, second, patients with identical post- 
shunt decreases in sinusoidal pressure had very dif- 
ferent increments in hepatic arterial flow. Both these facts 
seem to point to some limiting factor determining the 
extent of lowering of the hepatic arteriolar resistance for 
any given magnitude of the improvement in the pressure 
gradient. We propose that this factor, or ‘‘hidden’’ vari- 
able, be the degree of encasement of the arterioles 
by the dense fibrous tissues of cirrhosis. Thus, firmly 
entrapped arterioles may not be able to dilate sufficiently 
to yield large post-shunt increments in hepatic arterial 
flow. 

The working hypothesis offered above would explain 
why a small pre-shunt arterial flow, presumably the result 
of a severely ''clamped'' arteriolar resistance, does not 
necessarily result in a large post-shunt increase once the 
cause for the severe constriction is relieved. Thus, the 
post-shunt increase in hepatic arterial flow may not only 
be a function of the extent of reduction of the pre- 
shunt flow but also a function of the capability of the 
arterioles to dilate within their fibrous environment in 
response to lowering of sinusoidal hypertension. Ac- 
tually, large pre-shunt flows may be the result of either 
modest increases in arteriolar resistance or, quite the 
opposite, the result of arterioles unable to constrict 
their lumen because they are severely encased in fibrous 
tissues. An entire family of intermediate and converse 
situations can be readily postulated and they would be 
consistent with the lack of proportionality between the 
post-shunt increment in hepatic arterial flow and either the 
magnitude of the pre-shunt arterial flow or the extent 
of improvement of the pressure gradient. 

As will be discussed in the next section, we have 
identified retrospectively small post-shunt increments 
in hepatic arterial flow with unfavorable clinical results. 
Therefore, it would be of utmost importance to find 
means of predicting the capability of the hepatic arterioles 
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to dilate and increase their flow once that sinusoidal 
hypertension has been relieved by a portacaval shunt. 
In the final section of this discussion we will examine 
some promising avenues of investigation that might lead to 
future useful pre-shunt predictions. 


Clinical correlations 


Our results showed clear correlations between the size 
of the post-shunt increment in hepatic arterial flow, the 
incidence of encephalopathy, the occurrence of hospital 
and early mortality, and the projected long term survival. 
They open the way to a better understanding of the 
relationship between hemodynamic variables and clinical 
results and, perhaps, to the development of future criteria 
for a more reasonable selection of patients. In the mean- 
time, our findings should be taken with caution and should 
not be used as a basis to offer or deny shunt operations 
to any particular group of patients. Within this restric- 
tive framework, we will discuss the possible clinical im- 
plications of our results. Of necessity, some aspects of the 
discussion will remain speculative. 

On first examination our data indicates that if we had 
not operated on the patients who had post-shunt incre- 
ments smaller than 100 ml/min, we would have cut by 
one-half the incidence of encephalopathy, eliminated the 
hospital mortality, and doubled the projected 10-year 
survival rate. As a general statement this is a correct 
statement, however, and irrespective of the fact that we 
did not know the extent of the increment until we com- 
pleted the shunt, there are other considerations which 
limit its range of application to individual patients. 
Although 6596 of the patients in this group were dead 
before the end of one year, there were two patients 
who lived free of encephalopathy for one year and 
one-half and almost 5 years respectively. These two 
patients would have been denied a shunt if a criterion for 
selection requiring increments in hepatic arterial flow 
larger than 100 ml/min would have been accessible and 
acceptable to us and, probably, this denial would have 
been unfair to the patients. More debatable would have 
been the case of four patients in this group who sur- 
vived from over three years to almost 10 years but who 
were afflicted by serious encephalopathy. In summary, 
we may say that although the general response of this 
group was significantly poorer, there were a few individual 
instances in which survival could be considered as 
reasonably long. The philosophical questions as to the 
choice between a poor quality of life and no life at all 
cannot be resolved by us. On the other hand, the 11 
patients who either died in the hospital or a few months 
after discharge could have definitely been spared the 
anguish and suffering of a truly major surgical ordeal 
which did not benefit them in any way. We should 
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emphasize that categorizing patients by a single variable 
is a very difficult undertaking and it is remarkable 
that we have succeeded to the degree discussed here. 
Actually, mortality and morbidity of these patients is 
affected by many variables which, among the more 
obvious, are progressive liver disease, smoldering hepati- 
tis, continued alcoholism, age group, and many others. 
Furthermore, measurements with electromagnetic flow- 
meters are subjected to errors and artifacts which may 
distort the data for individual patients while still pre- 
serving the general tendencies of the groups. There are 
two patients in our series, patients 132 and 144, in whom 
one of the measurements must have been in error since 
the flow in the accesory outflow tract created by a side- 
to-side shunt was larger than the hepatic inflow. Two 
final facts of observation are pertinent to the discus- 
sion of this group of patients with post-shunt incre- 
ments in hepatic arterial flow smaller than 100 ml/min. 
One of them is that all patients in this group had 
died at the time of closing our study. The other is 
that within the patients with prograde flow in the hepatic 
limb of their side-to-side shunt, all but one died in less 
than 4 months following the operation. The latter finding 
poses the question as to whether or not patients who 
do not establish an accesory outflow tract once that 
they are given the opportunity to do so might belong 
in a particularly poor risk group. 

Considering now the group of patients who had post- 
shunt increments in hepatic arterial flow larger than 100 
ml/min, the analysis presents fewer ambiguities. Only 
17% of these patients suffered from encephalopathy, 
an incidence almost one-half of that in our overall ex- 
perience with this complication. Almost 90% of the pa- 
tients in this group survived more than one year and, 
at the time of closing our study, 23% were known to 
be alive and 30% had been lost to followup. Treating 
these figures by the actuarial method yields a projected 
10-year survival rate of 40% which is double that ex- 
pected tn our overall experience with patients with cir- 
rhosis subjected to portacaval shunt. Anderson and 
. associates, in an important article from Starr’s labora- 
tories,! have emphasized the suitability of the actuarial 
method for analysis of series of patients following a 
surgical event. In essence, the cumulative survival 
rates computed by this method do not consider patients 
lost to followup as being alive, which would bias the 
series in favor of the surgical treatment, or as being 
dead, which would bias the series against the surgical 
treatmerit. Additionally, the method provides a place for 
patients who may die of entirely unrelated causes such 
as automobile accidents or myocardial infarction. 

End-to-side and side-to-side shunts were evenly dis- 
tributed among the patients with increments in hepatic 
arterial flow larger than 100 ml/min. Although more 
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patients with side-to-side anastomosis were alive or lost 
to followup at the end of the study there were no clear 
Statistical differences with respect to the patients having 
end-to-side anastomosis. Three patients suffering from 
encephalopathy had end-to-side shunts while two patients 
afflicted by this complication had side-to-side shunts. 
Obviously, the difference is not significant. However, of 
the two patients with side-to-side shunts, one had pro- 
grade flow and the other stagnant flow in the hepatic 
limb of their shunt. Again, the question poses itself as to 
whether or not the patients who do not establish an 
accessory outflow via the hepatic limb belong in a group 
of particularly poor risk patients. Conversely, none of the 
patients with retrograde flow in the hepatic limb suffered 
from encephalopathy, a fact that might be due to the 
combined portal and hepatic decompressive effect of a 
side-to-side shunt advanced originally by McDermott!? and 
Welch.** That this decompressive effect requires retro- 
grade flow in the hepatic limb of the shunt appears 
obvious from our data, a fact that may also question the 
desirability of operations that deliberately preserve 
portal inflow.** The question cannot be resolved from our 
data but it appears pertinent and should be investigated 
by surgeons who use this type of operations. A similar 
question could be asked concerning operations designed 
to arterialize the portal bed. In this case the sinusoids 
instead of being relieved from the hypertension created 
by the disease will receive the full impact of a high 
arterial pressure which has not been dissipated by any 
arteriolar resistance. $ os 


Future avenues of exploration 


Our results have opened the way for the exploration 
of new approaches to evaluate the capability ofthe hepatic 
arterial bed to increase its flow in response to the relief 
in sinusoidal hypertension produced by a portacaval 
shunt. In a previous section we have proposed that entrap- 
ment of hepatic arterioles by the fibrous tissues of cir- 
rhosis is the limiting factor, or “‘hidden’’ variable, deter- 
mining the magnitude of the post-shunt increment in 
arterial flow. Thus, firmly entrapped arterioles may not be 
able to dilate sufficiently to give substantial increments 
in flow. Conversely, arterioles not so firmly encased might 
yield those substantial increases measured in some pa- 
tients. If entrapment of arterioles by fibrous tissues is. 
indeed our ‘‘hidden’’ variable, its effects should be re- 
flected in changes in the elastic properties of the hepatic 
arterial bed. In turn, changes in elastic properties should 
induce changes in the characteristic input impedance of 
the arterial bed. We propose to measure this characteristic 
impedance as a new variable that might predict the 
magnitude of the increment in hepatic arterial flow 
produced by a portacaval shunt. 


~ 
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The theory of characteristic input impedance has been 
developed by analogy with electrical networks theory and 
its measurement is obtained from the instantan- 
eous ratio of pressure to flow in the main artery 
feeding any terminal vascular bed.9??5 The char- 
acteristic input impedance of the pulmonary arterial bed 


" has been measured in dogs and man by cardiovascular 
physiologists,” and has recently made its entrance in 


the surgical literature.!? As a complex number, the input 
impedance has both a modulus and a phase angle. The 
modulus provides general information concerning the 
elastic properties of the arterial bed while the changes 
in phase angle are related to the location of rigid 
segments within the bed. The latter changes should be 
useful for an evaluation of the extent of encasement of 
the hepatic arterioles by the fibrous tissues of cirrhosis. 

We propose to measure the characteristic input 
impedance of the hepatic arterial bed during operation, 
but before constructing the shunt. We further propose 
to correlate the value of the impedance with the magnitude 
of the increment in hepatic arterial flow after clamping 


the portal vein and with that after constructing the 


shunt. If a good correlation between the value of the 
impedance and the magnitude of the increment does exist, 
this measurement may become a reasonable predictor of 
the increment and, consequently, of the clinical outcome. 
This phase of the investigation need not be too long 
because we have already the long term information 
which correlates increments in hepatic arterial flow with 
clinical results and what we need to find out is if the 
impedance correlates with the increment. We also plan to 
explore the possibility of obtaining some approximation 
to the value of the impedance at the time of preoperative 
selective hepatic artery catheterization for angiographic 
studies. In an indirect way, the concepts presented in 
this section should be implicit in the philosophy behind 
Kessler's evaluation of patients from measurements of 
flow within a pump circuit attached to the subject.!6 


Conclusions 


We have documented statistically significant incre- 


ments in hepatic arterial flow following a portacaval 


shunt in patients with cirrhosis of the liver. By analogy 
with the arteriolar constriction observed in patients with 
venous obstruction secondary to thrombophlebitis, we 
postulate that the hepatic venous outflow obstruction 
of patients with cirrhosis and portal hypertension con- 
strict the hepatic arterioles and reduces arterial flow. 


" The presumed mechanism includes a feedback loop 


initiated by an abnormally elevated sinusoidal pressure, 
excessive transudation of fluid into the extravascular 
spaces, and diminished tissue oxygen tension. A porta- 
caval shunt by relieving sinusoidal hypertension would 
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deactivate the loop, release the arterrolar constriction, 
and increase the hepatic arterial flow. 

The magnitude of the post-shunt increment in hepatic 
arterial flow was directly related to the morbidity, 
hospital mortality, and long term survival of our patients. 
Taken literally, our results indicate that if we had not 
operated on patients with increments in hepatic arterial 
flow smaller than 100 ml/min, we would have cut by 
one-half the incidence of encephalopathy, eliminated the 
hospital mortality, and double the projected 10-year 
survival rate. However, pending further confirmation, 
these results should be taken with caution. It is remark- 
able to realize how clinical outcome is so closely 
related to hepatic perfusion by arterial blood even in 
the absence of whatever portal factors are removed 
by the shunt. 

Presumably, portacaval shunts decrease sinusoidal 
pressure by eliminating or reducing portal inflow into the 
sinusoids or be creating an accessory outflow tract. 
Although side-to-side shunts should produce the largest 
decrease in sinusoidal pressure this would only be ac- 
complished if the hepatic limb of the shunt drains 
hepatic blood into the vena cava. If the hepatic limb 
does not operate as an accessory outflow tract and some 
portal blood continues entering the liver, they would 
decrease sinusoidal pressure to even a lesser extent than 
end-to-side shunts which remove all of the portal con- 
tribution to the sinusoids. In our series, patients with 
this persistent prograde flow had the worst clinical re- 
sults and appeared to be a particularly poor risk group. 

During our analysis it became clear that irrespective 
of the type of shunt, the magnitude of the increment 
in hepatic arterial flow was regulated by some intrinsic 
capability of the cirrhotic liver to increase its arterial 
flow. We postulate that such intrinsic capability, or ''hid- 
den’’ variable, is the extent of entrapment of the hepatic 
arterioles by the fibrous tissues of cirrhosis and propose 
its evaluation from measurements of the characteristic 
input impedance of the hepatic arterial bed. Measure- 
ments of this type are derived from the instantaneous 
ratio of pressure to flow in the artery feeding a vascular 
bed. They have been already performed in the pul- 
monary arterial bed of dogs and man. We hope to learn 
to predict the magnitude of the increment in hepatic 
arterial flow from the value of the impedance measured 
at operation immediately before construction of the shunt. 
From this learning we might be able to make reason- 
able estimations of the impedance at the time of pre- 
operative selective hepatic artery catheterization for 
angiographic studies. 
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prognosis after portacaval shunt. Since the adverse effects of diverting 
portacaval shunts appear to be related in part to a decrease in the 
total quantity of hepatic blood flow, Mailard, Adamsons, and others 
have suggested preservation of hepatic blood flow by arterialization of 
the portal vein stump. There have, however, been difficulties in de- 
livering arterial blood to the portal vein at physiologic pressures. 
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Either the arterialization behaves like an arteriovenous fistula else- 
where, with progressive increases in flow and pressure and resultant 
liepatic damage, or else there has been progressive obliteration and 
late occlusion of the arterialization. 

In preliminary experimental studies, we have attempted to avoid 
these problems by carrying out portal arterialization using a vein graft 
banded by a 1 cm cuff of Teflon. The cuff was adjusted to deliver 
blood at the same flows and pressures which were measured prior to 
portacaval shunt. This type of arterialization has been carried out in 17 
dogs. In animals with patent arterialization, body weight was well 
maintained and general health: was good. By contrast, in animals 
with no portal inflow, there was significant weight loss, encephalopathy 
developed frequently, and one half of the animals died within 20 weeks. 

In 15 kg dogs the normal portal vein flow is in the range of 300 
to 400 m] per minute, and the diameter of the lumen of the banded seg- 
ment of arterialization was only 2 to 3 mm. Portal flows and pres- 
sures were measured every 6 weeks in these animals, and, with this 
cuff technique, the patency rate was 77% at 6 weeks, but fell rapidly 
thereafter, to reach 15% at 24 weeks. 

It is clear that this method does not, as yet, provide the answer to the 
long-term problems of portal arterializztion, and further studies are 
needed. However, the benefits of physiologic arterialization were quite 
striking in this model, and I would like, therefore, to ask Dr. Burchell 
whether, if a more reliable method could be developed, portal 
arterialization might not be a useful adjunct in the patients whom he has 
identified, in whom the hepatic artery cannot compensate for portal 
diversion. 


Dr. WILLIAM V. McDznMorr, JR. (Boston, Massachusetts): A 
little over 15 years ago, in collaboraticn with Dr. Nardi, data were 
presented (at the Surgical Forum and at this Society) concerned with 
the effect of portal-systemic shunting on total liver blood flow, as 
measured by the disappearance rate of chromic phosphate labeled with 
3?P, These data pointed out that there was no relationship between 
the preoperative liver blood flow and the ultimate course of the patient, 
in terms of mortality, cumulative surv:val, or any other parameter. 
The change in liver blood flow, in terms of. a significant drop follow- 
ing operation, was directly related to prognosis, and any significant 
fall would indicate a poor prognosis. 

Dr. Schenck and his colleagues at about the same time were able 
to fractionate liver blood flow with an electromagnetic flowmeter, 
as you have seen today, with the same type. of techniques, and pointed 
out at that time that, after a total diversion of portal blood in the 
cirrhotic, it was the increment of change, measured by an increase in 
hepatic arterial flow, which would best predici; what would occur in 
terms of encephalopathy and survival. 

From this, we are now at the point where this type of study pre- 
sented by Dr. Burchell, is beginning to clarify some of the very con- 
fusing aspects in the hemodynamics. Certainly, none of the other 
parameters, either preoperative total liver blood flow or any combina- 
tion of pressure measurements, have consistently been useful as pre- 
dictors, either as reported by us or by others. Hopefully, Dr. Burchell, 
Dr. Nealon and their colleagues will be able to provide us with 
mechanisms of predicting which patient will do well, as so many 
of them do, and which will get into some of these really disastrous 
problems of serious encephalopathy, despite the fact the bleeding is 
controlled. 

I wanted to ask two questions of the authors. Did they analyze the 
preshunt proportion of.hepatic arterial to portal venous inflow, and 
was there any type of correlation to prognosis by analyzing these 
combinations in various ways? 

The other question: Do they have any data in patients with portal 
hypertension secondary to schistosomiasis? This group has a par- 
ticularly poor prognosis after shunt surgery, and, in distinction to the 
cirrhotic, will often have sinusoidal pressures which may be much 
lower than the portal pressure—a factor which I think would be 
interesting for this group to apply the same type of studies as they 
have done in the cirrhotic. I don't know if they have already done so. 


Dr. RoBERT E. HERMANN (Cleveland, Ohio): Both this paper 
and the one preceding it, by Dr. Malt and his associates, address the 
problem of improving our ability to identify those patients who are 
high surgical risks for portal-systemic shunt operations. From our 
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past experience, I have come to recognize at least four factors asso- 
ciated with a high surgical mortality and postoperative morbidity: 
first, the severity of the liver disease; second, emergency shunt 
operations, because of the deteriorating liver function which occurs 
during this stressful period; third, the age of the patient; and, 
finally, to a lesser extent, the histologic pattern of the cirrhosis. 

Portal pressures and portal flow studies have been a disappointment 
to all of us. By and large, these measurements have not correlated 
well with prognosis. Dr. Burchell and his associates have now again 
directed our attention to another measurement, that of hepatic 
arterial flow improvement after end-to-side and side-to-side portacaval 
shunts. 
` I would like to ask Dr. Burchell if he believes that this increase 
in hepatic arterial flow provides additional blood to the hepatic cells as 
the mechanism of improved clinical results. This would be an attrac- 
tive hypothesis in those patients who have had end- to-side portacaval 
shünts, or side-to-side shunts where prograde flow to the liver in the 
hepatic limb of the portal vein persists. However, I don't under- 
stand how an increase in hepatic arteria] flow could improve liver 
function or survival, when the increase in flow simply represents a 
“runoff” phenomenon, a shunting of this hepatic arterial blood through 
presinusoidal arteriovenous shunts in the liver, bypassing the hepatic 
cells, and running retrograde àway from the liver, out the hepatic 
limb of the portal vein. 

In addition, I would like to. ask Dr. Burchell if he has correlated 
the measurement of increased hepatic arterial flow with either the 
ages of the patients or with. the severity of their liver disease, since 
these two factors correlate strongly with improved survival. 


Dr. GARDNER WATKINS SMITH (Baltimore, Maryland): I have 
had the privilege. of reading Dr. Burchell's manuscript, and he and 
his colleagues are to.be especially congratulated for documenting 
a hemodynamic factor which has for some time been SUSDOS TES. of 
having something to do with the outcome of a shunt. 

Indeed, the ability, or. lack of it, of the hepatic artery to compen- 

sate for decreased portal blood flow was one of the central tenets of 
the original hemodynamic staging proposals. Attempts were made 
some years ago to increase post-shunt hepatic artery flow, both by 
Dr. McDermott's group and by our own, by doing periarterial 
neurectomy of the hepatic artery. We were able to demonstrate 
experimentally that this is possible, using a technique originally 
described by Professor Mallet-Guy. This method was applied clini- 
cally, in our experience at least, in only 7 patients. We could again 
demonstrate- increased hepatic artery flow in those patients, and in- 
creased total liver blood flow postoperatively, but the effect on en- 
cephalopathy was equivocal. 
' Dr. Burchell suggested the prognostic importance of a compensa- 
tory increase in hepatic artery flow 8 years ago, as he points out in 
his manuscript. Dr. Ranson just mentioned the work that's been 
done more recently by Drs. Zimman, Kessler ánd Tice, in an in- 
direct way suggesting that hepatic artery flow is important. And I 
think that the authors have now clearly shown, in a significant group 
of: patients, that this is so. 

The authors also properly point out in their manuscript that the 
Observation is a simple one, but that its explanation is complex 
and theoretically difficult. I do have some questions and problems re- 
lating to their explanation. 

First of all, they imply that the. hepatic artery response is re- 
lated, at least in part, to lowered sinusoidal resistance. If this is so, 
one would anticipate that a side-to-side shunt would be more effec- 
tive in this regard than an end-to-side one. We have demonstrated, 
as have others, that wedged hepatic vein pressure is lowered to a 
greater extent by a side-to-side shunt. I am therefore disturbed that the 
authors found the least increase in hepatic artery flow after side-to- 
side shunts in which hepatopetal flow was maintained in the hepatic 
limb of the portal veiri. No one would presume that the maintenance 
of hepatoportal flow after a side-to-side shunt would require a low 
outflow resistance, and therefore a low wedged hepatic vein pressure. 
I would. therefore like to ask if they have any data to indicate 
any correlation between wedged hepatic vein pressure, measured 
before and after operation, and the increment in hepatic artery flow 
after the shunt. If so, the wedged hepatic vein pressure measure- 
ment might have some preoperative predictive value, since in our 
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own studies this was the only preoperative parameter which correlated 
with the operative measurement of portal blood flow; and with hemo- 
dynamiic staging. However, at.the time that we reported these dita, 
we discounted the significance of wedged hepatic vein pressure as 
being a static rather than a dynamic measurement. 

* Dr. Hernianri has already pointed out the unanswered question in 
relation to this increment in hepatic artery flow, and that is: Does it 
indeed, after a side-to-sidé shunt; provide nutrition to the hepatic 
parenchyma? I don’t know the. answer. I'd be interested to hear 
what Dr. Burchell thinks about that. 

I would conclude by pointing out that this' is a very valuable 
observation which-helps to.sustain thé validity of hemodynamic con- 
cepts: At the moment it has two drawbacks, both recognized by the 
authors: first, the theoretical basis for the observation is complex and 
unclear; and.sécondly, thus. far there is no practical wdy to use this 
information to select patients before the operation. It is only useful at 
present to assess prognosis in retrospect. 


Dr. Louis R. M. Det Guercio (Livingston, New Jersey): 
As did so. , many people working in portal hypertension; the authors 
zeroed in on the liver and portal vein, and forgot about the systemic 
circulatiofi, the pulmonary circulation, and the other physiologic 
aberrations which occur in all patients: with cirrhosis of the liver, to 
varying degrees. 

We, by some: coincidence, studied 47 patients a number of years ago, 
and showed that death can bé correlated very nicely with variations in 
arteriovenous oxygen. difference. This’ points up the fact that we 
shouldn't: be concerned . .so much witli total hepatic biood flow; or 
hepatic arterial blood flow, but with oxygen transport and utilization. 
One of the things wé showed was that those patients who had inefficient 
oxygen transport, in terms of a narrow arteriovenous- oxygen dif- 
ferente, were those who were most likely to die following portacaval 
shunt, or any surgery for portal: hypertension; ‘so that it's very hard to 
interpret the data in terms. of hepatic arterial flow alorie, unless we 
know whether nese particular patients represent the hyperdynamic 
group. 

In addition, we hive also Shown: that shifts in ig P-50; or oxy- 
hemoglobin dissociation curve, very, frequently are responsible for the 
problems that these patients: shave, in efficient, oxygen transport. 
These patients die because of inability to transport and deliver oxy- 
gen, ‘not only to, the liver but, to many of the other: organs—the 
kidneys, ds is well known with the hepatoredal syndrome, the lungs, 
and tlie heart. 

I think that we should terret al of T predictors i in terms of the 
over-all physiology of these particular patients. 


DR. ALBERT R. BURCHELL (Closing discussion): In approximate 
order, first, Dr. Ranson's comments about Dr. Kessler's work: As 
you probably know, this was a pumped extracorporéal umbilical- 
saphenous shunt. There is a problem with the study, in that there is no 
actual documentation by direct measurement of the presumed incre- 
ment in hepatic arterial flow after the shunt. This is just a measurement 
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that is done before the shunt: Also, as a diagnostic procedüre it is 
somewhat cumbersome; but. we would certainly agree with their con- 
clusions that the capability of the hepatic arterial bed to increase its 
flow substantially after a shunt is the primary determinent of the subse- 
quent clinical course. | 

Now, arterialization, I must say, is a puzzlement to me. Our own 
experimental work in dogs has indicated it to be rather a disastrous 
procedure, even with reduction in pressure levels. Hemodynamically, 
our own unpublished data indicate that the hepatic artery flow incre- 
ments achieved by the end-to-side shunt were then lost TONS 
arterialization of the portal vein stump. 

Now, of course, this experimental procedure is being doné in the 
normal liver of a dog, versus the good clinical results in the cirrhotic 
liver of man. Certainly the studies of Matzander, Maillard, and Adam- 
sons would suggest that the procedure is beneficial. They have even 
done it in patients who have been ascites, which just miakes no sense 
to me. 

Dr. McDermott asked if we had dorie an analysis of hepatic arterv- 
portal vein ratios. We have done that in every possible permutation, 
and could come up with no positive correlation. We have no patients 
with schistosomiasis that we have done flow studies on. 

Dr. Hermann has wondered about our thinking concerning the 
side-to-side shunt infusing hepatic cells with highly oxygenated bload. 
Not presented: today, but in the manuscript; there is a breakdown of 
the patients according to whether there is prograde or retrograde 
flow in the hepatic limb of the portal vein. The patients who did the 
best were those with the retrograde flow in the portal vein, and those 
who did the worst; even compared to end-to-side shunts, were those 
who had prograde flow. I do not know.if this means anything. It may well 
be that what .we are observing here is simply those patients who 
continue to have prograde flow: and have an hepatic arterial bed 
incapable of bringing a greater amount of blood to the liver, versus 
those that are capable bf doing this, and therefore have a reverse flow. 

Dr. Hermann also asked about correlation with age. Theré was nó 
such correlation. The average age was 54 for all groups; and the 
group of patients that did particularly poorly ranged from 36 to 67 
years of age, with an average of 54. 

As far as clinical and laboratory correlation, the clinical jd labora- 
tory assessment of risk identified only 5 of the 17 patients who had a 
small increment (29%) in hepatic arterial flow. So Í would suggest 
there was not good correlation in that regard. — 

Dr. Smith's question about the degree of drop in sinusoidal 
pressure resulting in the side-to-side type of shunt being moré effec- 
tive, has been partially answered, I trust, in the previous discussion. 
The side-to-side patients with the retrograde flow had the best prognosis 
of all subgroups studied. We have no data at all on wedged hepatic 
vein pressures. 

In closing, I certainly would agree with Dr. Del Guercio, that we 
have zeroed in on only a very small section of the over-all picture, 
and that there néeds to be some integration of our type of information 
with his type of studies. It should be emphasized, however, that 
our single hemodynamic variable, the increment in hepatic arterial 
flow, did carry with it a highly significant correlation with the sub- 
sequent clinical course. 
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The Surgical Treatment of Constrictive Fibrous Endocarditis 


CH. DUBOST, P. MAURICE, A. GERBAUX, E. BERTRAND, n. RULLIERE, F. VIAL, A. BARRILLON, C. PRIGENT, 


Constrictive fibrous endocarditis is a pathological entity described 
by Loéffler in 1936. Its etiology is unknown. The clinical course 
is characterized by an evolution towards cardiac insufficiency 
leading rapidly to a fatal outcome. Modern paraclinical investi- 
gations are necessary to assess the diagnostic. Cardiac catheteriza- 
tion brings the proof of adiastole and angiocardiography re- 
veals the shape of amputation of the ventricle with anriculo- 
ventricular regurgitation. The operative procedure consists of 
resection of the ventricular fibrosis including the valves and 
auriculo-ventricular valve replacement by a prosthetic valve. 
The disease affects both Caucasians and Negros. Our experience 
includes 5 cases. The indications for operation: and their resolts 
are discussed. 


ONSTRICTIVE FIBROUS ENDOCARDITIS, first described 

~ by Loéffler$ in 1936, consists of endocardial fibrosis 

several millimeters in thickness which is potentially 
constrictive and limited to the ventricular cavities. 

The clinical course is characterized by an evolution 
towards cardiac insufficiency which may be predomi- 
nantly right or left sided leading rapidly to a fatal outcome. 

Modern paraclinical investigations such as cardiac 
catheterization and angiocardiography have defined the 
hemodynamic characteristics of the malady às being 
caused by adiastole which may be right or left sided 
or bilateral as well as asystole. 

The etiology remains obscure and the pathologic 
changes are non specific. 

The inevitable evolution towards death stimulated us to 
consider the possibility of a new operation which would 
consist of decortication of the fibrosed endocardium in a 
manner similar to resection of the constrictive peri- 
cardium of pericarditis. | 


Presented at the Annual Meeting of the American Surgical Associa- 
tion, New Orleans, Louisiana, April 7—9, 1976. 

Reprint requests: Ch. Dubost, M.D., Department of Cardiovascular 
Surgery, Broussais Hospital-96, rue Didct 75014 Paris, France. 


A. CARPENTIER, R. SOYER 


From the Department of Cardiovascular Surgery, 
Broussais Hospital, Paris, rience 


Endocardiectomy was first performed by us in 1971*7* 
and the patient was improved. Since then, four more cases 
have been done, either right or left sided. or combined 
endocardiectomy and there is no doubt that a better 
knowledge of the clinical aspects of the disease will 
increase the nuniber of cases referred for treatment. | 


Pathology 


The development of fibrous endocarditis is similar in 
all cases: it involves the filling chambers of one or 
both 'ventricles including the papillary muscles. and 
chordae tendinae of the mitral and, tricuspid valves 
which themselves are included in the process in the 
majority of cases.’ 

It is of interest to note that in none. of our cases 
did the fibrosis extend to the atria. The thickness of 
the fibrous process varies from 4 to 10 mm. The under- 
lying myocardium presents fibrous lesions which are 
localized to the subendocardial layer. 

Histologically, there i is fibrous thickening of the endo- 
cardium which is made up of collagen without elastic 
fibers and few fibrocytes. This fibrous.shell has on its 
surface small isléts of. hyalinized fibrosis deposits which 
are in the process of being incorporated. The papillary 
muscles are covered by a thick collagenous endocardium 
associated with a subendocardial sclerosis of the. adja- 
cent myocardium. The valvular and subvalvular appara- 
tus are moderately thickened by a fibro-myxoid process. 


| Clinical Course 


The presentating signs are usually severe right and left 
heart failure. a 
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Fics. la and b. Right heart catehterization (Top) preoperative- 
equal pressufe in the ventricle and atrium. Di»-plateau tracing. 
Berton): postoperative, return to normal tracing (Case 3). 


The onset symptoms are most often recent but it is 
possible to observe periods of remission which are vari- 
able in duration and which are followed by relapses 
until end-stage irreversible heart failure. It is interesting 
that in 2 of our cases, cardiac transplantation was 
eventually suggested because of the gravity of the pa- 
tient's illness.* 

The right side forms are characterized by peripheral 
edema, frequently massive hepatomegaly and ascite. 

The left side forms affect the small circulation and are 
characterized by repeated episodes of pulmonary edema. 

Auscultation reveals the signs of mitral insufficiency 
with or without tricuspid insufficiency. 

The electrocardiogramm i is non specific but low voltage 
is noted. 
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The chest X-ray reveals the existence of a cardiomegaly 
which is often most marked at the atrial level. 

Catheterization® of the right side of the heart shows 
equal pressure in the ventricle and the atrium. The tracing 
has a dip plateau which is characteristic of the constric- 
tion. In the left ventricle, the tracing confirms the adi- 
astole with a plateau-like elevation of mid and tele- 
diastolic pressures. Postoperative studies show normal 
atrial and ventricular pressure curves with a disap- 
pearance of the plateau tracings. 

Angiocardiography of the right sided cavities reveals 
atrial dilatation with stasis of the contrast medium. There 
is an amputation of the filling chamber of the ventricle 
with a direct passage between the atrium and the pul- 
monary artery. On the left side, the ventricular apex 
is deformed in a characteristic configuration resembling 
the ''ace of hearts’’ and there is an associated marked 
mitral insufficiency with atrial dilatation.* 

Postoperative studies demonstrate the opacification of 
the filling chamber of the right ventricle as well as the 
return of normal shape of the left ventricle. 


Evolution 


Medical treatment is capable of slowing down for a 
time the evolution of disease; after cardiotonic drugs 
and diuretics are no longer effective, cachexia leads to 
death. 


Surgical Treatment 


The operative procedure is through a median ster- 


notomy. Extracorporeal circulation is established by can- 


nulating the ascending aorta and both vena cava. 
Moderate hypothermia to 30? is obtained by perfusion.’ 

The left atrium is opened vertically and the mitral ori- 
fice is exposed. The lesions are characterized by a fibrosis 
which covers the entire filling chamber of the ventricle, 
encompassing the papillary muscles, the chordae ten- 
dinae and both mitral valve leaflets. The fibrosis never 
extends beyond the mitral annulus into the atrium and it 
never involves the aortic orifice. 

The simplest way to perform the decortication is to 
resect the mitral apparatus and to incise the fibrous 
tissue at its junction with the mitral annulus as to find 
the plane of cleavage between it and the underlying my- 
ocardium. The dissection is pursued towards the ven- 
tricular apex at first on the posterior wall followed by 
the anterior wall. It is important to sharply dissect 
the fibrous bands which joins the endocardium shell to 
the cardiac muscle. Towards the ventricular apex, the 
adhesions are frequently dense and it is not unusual 
to find calcifications in this area. 

At the level of the mitral papillary muscles, it is 
essential to divide these on their bases which are 
most often completely fribrotic. 
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Fic. 2a. Left heart catheterization, 
mid and telediastolic plateau (Case 1). 


During the resection, it is indispensable to remain in 
contact with the fibrosis without cutting into the adjacent 
myocardium. In this way, it is possible to resect the 
entire fibrous shell which models the interior surface of the 
ventricle from the atrioventricular orifice to the apex. 
The mitral valve is then replaced by an artificial valve, 
either a Starr prosthesis with a silastic ball, a Bjórk valve, 
or a heterograft valve. 

The right atrium is then incised vertically anterior to 
the vena caval cannulas. Right ventricular fib: sis is 
similar to that of the left ventricle: the filling chamber 
alone is involved, the outflow tract is free as is the atrio- 
ventricular annulus. There is one difference however: the 
right atrium is dilated and its wall is thickened and in 4 
of our cases an organized thrombus was present in the 
auricular appendage and ajacent portion of the atrium. 
The resection of the ventricular fibrosis is performed 
using the same guidelines as for the left side and the 
tricuspid valve is replaced with an artificial valve, the 
heterograft valve being our primary choice. The throm- 
bosed area of the atrial wall is resected. Both atriot- 
omies are closed and the heart defibrillated when the 
temperature reaches 36°. 
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FiG. 2b. Postoperative: return to normal tracing (Case 1). 
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This combined form of endocardial fibrosis does not 
encompass all the aspects of the disease. There are 
isolated right sided forms, isolated left sided forms, left 
sided forms associated with functional tricuspid insuf- 





Fic.3. Cineangiography of right cavities (Top) showing stasis of 
contrast medium in a large atrium associated with amputation of 
filling chamber of the right ventricle. Left cavities (Bottom): amputation 


of the left ventricular apex with deformity of the "ace of hearts." 
Marked mitral insufficiency with dilatation of the left atrium (Case 
3); 





Fic. 4. Intra-operative photograph showing resection of left ventricular 
endocardial fibrosis (Case 1). 


ficiency, without endocardial fibrosis of the right ventri- 
cle. In the latter instance, a Carpentier-ring valvuloplasty 
is to our eyes the best solution. 


Case Reports 


Our experience is composed of 5 operative cases. 

Case 1. Caucasian man, age 58 years, left sided form associated 
with a functional tricuspid insufficiency. Evolution over a 9 year period. 
In the last stages of cardiac cachexia. Proposed for cardiac transplan- 
tation. Operation: September 1971: left endocardiectomy. Mitral valve 
replacement by Starr valve. Tricuspid annuloplasty. Good result after 
4 years and 8 months. 

Case 2. Negro boy, age 12 years. Right sided form with rapid 
evolution. 

Operation: April 1974. Right sided endocardiectomy. Tricuspid 
heterograft. Atrio-ventricular block. Pace-maker insertion. Died after 
20 months. Dysfunction of prosthesis. 





FiG. 5. Comparison between preoperative chest Xray and Xray taken 
6 months following endocardiectomy (Case 3). 
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Case 3. Caucasian woman, age 40 years. Biventricular form in the 
last stages of cardiac cachexia. Cardiac transplantation discussed. 
Operation: July 1975, biventricular endocardiectomy. Two Bjórk 
prosthetic valves. Excellent result after 10 months. 

Case 4. Caucasian woman, age 43 years, left sided form in poor 
condition. Operation: January 1976. Left endocardiectomy with valve 
replacement by a Bjórk prosthesis. Excellent result after 3 months. 

Case 5. Negro woman, age 29 years. Biventricular form in ad- 
vanced stage. Operation: February 1976. Right and left endocardi- 
ectomy. Mitral valve Bjórk prosthesis and tricuspid valve replacement 
by a heterograft valve. Excellent result after 2 months. 


Conclusion 


Lóeffler's fibroplastic endocarditis and Davies? endo- 
cardiomyopathy are probably the same disease. From a 
clinical, pathological or surgical point of view there is no 
difference between them. 

The constrictive character of the disorder is important: 
it explains the adiastole, the foremost clinical sign. The 
cause of the disease is unknown, it seems that at present 
time, the filarial etiology may be excluded. Constrictive 
fibrous endocarditis affects members of the Caucasian 
race who for the most part have never resided in Africa. 

Neverthless, the frequency of the disease in Central 
Africa has stimulated one active epidemiological re- 
search, especially in the Ivory Coast. 

In certain terminal cases the irreversible nature of the 
illness has brought up for discussion the admissibility 
of cardiac transplantation. 

The operation which we have described in our 5 patients 
appears to offer a good chance for long term survival. 

In the present status of our knowledge, it may be 
recommended as the therapeutic method of choice, 
even in the most advanced stages of the disease. 

Research should be undertaken in the hope of learning 
the etiology of the syndrom and the reasons of the 
distribution, especially its frequency in certain regions 
of Africa. 


Addendum 


Since this paper was submitted for publication three more cases 
were operated on successfully, bringing our total number of cases up 
to eight. 
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DISCUSSION 


PROFESSOR ÅKE SENNING (Zurich, Switzerland): During the 15 
years I have been in Switzerland, I have not recognized any cases of 
constrictive fibrous endocarditis until I heard Dr. Dubost’s paper in 
Detroit last fall. Since then we have seen one case, which we operated 
upon—one month ago. It was a young woman who had a very 
typical left ventriculogram and a mitral insufficiency. We had the im- 
pression that the apex of the left ventricle couldn’t dilate. The mitral 
valve was replaced, and an endocardiectomy done, as Dr. Dubost 
described, and the patient is in very good condition one month later. 

I think we may find more of those cases, and I suspect that we have 
one case on the waiting list to be operated upon. 


PRESIDENT HARDY: A colleague of mine called me in to look at a 
case a while back, and it was very much like this, with trabeculations 
and synechia, so I think it does occur in this country. 


Dr. JAMES V. MALONEY, Jr. (Los Angeles, California): I recall 
that my pediatric cardiologist associate, Dr. Forest Adams, in 1958 
spent the better part of a year attempting to get me to perform this 
operation on a series of young infants, in whom this condition is 
relatively common, intracardial fibroelastosis. 

We had an epidemic at that time of a disease which we suspected 
was related to nutritional deficiencies caused by synthetic baby foods. 
At that time we found, as Dr. Dubost has, that the disease is extremely 
common in Africa, and is associated with kwashiorkor. 

In retrospect, perhaps it is as well I did not operate on those pa- 
tients at that time, because it was before the availability of prosthetic 
values, and simply removing the abnormal endocardium might not 
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have resulted in a favorable result, because, I notice, each of these 
patients required valve replacement. 

In view of the recent work of my associate, Dr. Buckford, on the 
demand-supply ratio as a cause of subendocardial necrosis, I think 
my present speculation would be that this disease is caused by an 
abnormal demand-supply ratio, probably less than 0.7, related, perhaps, 
to congenital heart disease, perhaps metabolic deficiency, and perhaps 
abnormal cardiac function in patients with nutritional disease. I think 
the fact that now and in the future it will be amenable to surgery is a 
great tribute to Professor Dubost. 


Dr. CHARLES Dusosr (Closing discussion): I would like to emphasize 
the fact that this disease occurs in both Caucasian and Negro people. 
The majority of cases occur, probably, in Africa, and for a long time it 
was believed that Filaria was the cause of the disease, but now it is 
admitted that this is not true. The disease occurs in patients with 
filariasis, but it is not due to Filaria. The first description by Lóffler of 
the disease emphasized the importance of the presence of eosinophilia, 
but it is known that eosinophilia very often accompanies many 
diseases of Africa. 

The most important notion is that this disease is of unknown 
cause, and that it occurs in wealthy Caucasians, and in poor Negros. 
It makes no difference. It is quite the same, and we had better try to 
operate on the people early in the evolution of the disease. 

Now that we know that the disease can be operated, you will find 
it more often. It looks like a constrictive pericarditis but the angio- 
gram makes the diagnosis different due to the lack of opacification of 
inflow chambers of the ventricles. 

So when you see a constrictive pericarditis which is not con- 
strictive pericarditis, it is possibly constrictive endocarditis. 


The Treatment of Acute Traumatic Rupture of the Aorta: 


-A 10-Year Experience 
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Forty-three patients with aortic rupture secondardy to blunt 
trauma have been treated at the University of Michigan within 
the past 10 years with an overall salvage rate of 70%. The 
diagnosis should be suspected in anyone who has sustained a 
high speed decelerating injury, if the chest roentgenogram 
shows media-stinal widening, whether or not there is hyper- 
tension of the upper extremities; systolic murmur, or external 
evidence of chest injury. Aortography should be employed to 
confirm the diagnosis and to determine the site or sites of 
rupture. Repair of the lesion should be undertaken as soon as 
possible and takes priority in most instances over associated 
injuries. Repair in almost all cases can be accomplished safely 
and quickly using a bypass shunt without the aid of extra- 
corporeal circulation. 


HE ERA of high speed automobile transportation has 

brought with it an increased incidence of rupture of 
the thoracic aorta. Between 1936 and 1942 Strassman 
found only 51 patients with traumatic rupture of the aorta 
secondary to vehicular collision out of 7000 autopsies 
performed.” In contrast to this are the recent reports 
from both Europe and the United States. Greendyke 
found a 16% incidence of aortic rupture in victims of 
fatal automobile accidents and Zeldenrust reported on 88 
patients with aortic rupture in 800 traffic accident victims 
in the Netherlands.!4? At present it is estimated that one 
in every 6 to 10 fatal accident victims sustains an 
aortic rupture. Death is instantaneous in 80 to 90% of 
these patients. In the remining 10 to 20% the patient 
survives at least temporarily because the aortic blood is 
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contained by adventitia, pleura and surrounding medi- 
astinal tissue. Since this aneurysm may rupture within 
hours or days after injury it is imperative that the 
diagnosis be established quickly and that repair be carried 
out. Over the past 10 years we have treated 43 patients 
with an acute rupture of the descending thoracic aorta, 12 
of whom were reported previously.!? The purpose of this 
report is to examine the results of those patients treated 
surgically and to determine what factors influenced the 
survival rate in our paiients with acute transection of the 
thoracic aorta. 


Clinical Experience 


Since 1964 we have treated 43 patients with an acute 
rupture of the descending thoracic aorta. The patients' 
age range was from 17 to 72 years. Thirty-four were 
involved in automobile accidents, 7 in motorcycle acci- 
dents and one each in a car-pedestrian collision and 
airplane crash. The clinical findings in our patients were 
deceptively meager despite the severe nature of the 
injury. Only 15 patients sustained chest wall con- 
tusions. In two patients there was no clinical evi- 
dence to suggest that aortic rupture had occurred. 
The clinical findings in our patients are listed in Table 1. 
Associated injuries which occurred alone or in combina- 
tion in all of our patients are listed in Table 2. The 
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TABLE 1. Clinical Findings of Aortic Rupture 


Upper extremity hypertension 16 
Systolic murmur 12 
External chest wall injuries 15 
Difference in pulse amplitude 4 
No clinical findings 2 
Anuria and paraplegia ] 
Paraplegia I 


chest roentgenographic findings are listed in Table 3. The 
most common abnormalities were widening of the su- 
perior mediastinal shadow (100%) and in abnormality. in 
the aortic contour (9892). 

The diagnosis was confirmed by aortography in 38 
patients. Two patients were operated upon without à 
preoperative aortogram. Both underwent a celiotomy 
because of suspected massive intra-abdominal hemor- 
rhage. Retrograde femoral arteriography was used in 35 
patients and in the remaining 3 the axillary approach was 
used. All but two patients had pseudoaneurysm forma- 
tion at or near the ligamentum arterosium. In one patient 
the pseudoaneurysm was located in the descending mid- 
thoracic aorta. This patient also had fracture dislocation 
of the thoracic spine. In the remaining patient there 
was complete aortic obstruction just distal to the left 
subclavian artery. The area of intimal dissection was 
visualized as a linear lucency within the lumen of the 
aorta (Fig. 1). Extravasation of contrast medium into 
the mediastinum was not observed. The time interval 
from injury to operation is listed in Table 4. Only three 
patients were operated upon more than 48 hours after 
sustaining aortic rupture. In these patients mediastinal 
widening was present in the initial chest roentgenogram 
but was not fully appreciated. An aortogram was ob- 


- tained when progressive mediastinal widening was seen 


on subsequent chest roentgenogram after injury. Repair 
was carried out at 5, 6, and 7 days respectively, 
after injury. 

The surgical techniques used for repair of the aortic 
rupture and their results are listed in Table 5. The 
majority of repairs were carried out using an external 
shunt composed of plastic arterial cannulae connected 
to Tygon tubing. The hematoma surrounding the tran- 
section often covered most of the descending thoracic 
aorta and extended over the transverse aortic arch. 
Aortic dissection from within the pericardium allowed 
us to encircle the aorta proximal to the left subclavian 
artery without entering the mediastinal hematoma and 
possibly releasing its tamponading effect. Distal control 
was also obtained well outside the area of mediastinal 
hematoma. Purse string sutures were then placed in the 
ascending aorta and in the aorta distal to the transection. 
Stab wounds were made in the center of each purse 
string suture, and cannulae inserted into the aorta. The 
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TABLE 2. Associated Injuries with Aortic Rupture 


Fracture other than ribs 36 
Head injuries 24. 
Intra-abdominal bleeding 12 
Pulmonary contusion 25 
Ruptured diaphragm 4 
Hemopericardium I 
Fractured rib 28 
Myocardial contusion 8 


aorta was then cross-clamped and flow was established 
through the shunt.? 

The site of rupture in all but one of the patients 
was in the region of the aortic isthmus just distal 
to the left subclavian artery. The aortic tears varied 
from a small laceration to a complete circumferential 
separation, the latter occurring in 10 patients. Aortic 
continuity was restored in all patients with a woven 
graft, even in the cases of incomplete transection. When 
the repair was completed and the aorta unclamped, 
the cannulae were removed and the purse string sutures 
and pledgets were tied. | 

The overall survival of 43 patients is 7096. Five pa- 
tients died without undergoing operation: one patient in 
the emergency room immediately after admission, two in 
the radiology department three hours after admission, one 
in the radiology department 8 hours after admission and 
one 8 hours after aortography while awaiting operation. 
Twelve patients had coexisting intra-abdominal injuries 
which required a celiotomy. Six. of these underwent 
repair of abdominal injuries before repair of aortic 
rupture. Five of the 6 died of exsanguinating hemor- 
rhage from the aortic rupture prior to completion of 
celiotomy or after celiotomy, but before a thoracotomy 
could be performed. Retrospectively it was felt that 
celiotomy could have been deferred in these 6 patients 
because none .of them actually; had massive intra- 
abdominal bleeding. In contrast 6 other patients who 
underwent celiotomy immediately after repair of aortic 
rupture survived. Thirty-seven patients underwent 
operation. 

Repair was done by one of two methods, partial 
cardiopulmonary bypass or external shunt (Table 5). 
Five of ten patients who underwent repair using partial 
cardiopulmonary bypass failed to survive the postopera- 
tive period. Two died of associated head injuries, one 


TABLE 3. Roentgenographic Findings of Aortic Rupture 


Widened mediastinum 42 
Abnormal aortic contour 4] 
Deviation trachea to right 14 
Depression left main stem bronchus 13 
Left pleural effusion 15 
No roentgenographic findings i 


310 





Fic. 1. Retrograde aortogram demonstrating rupture of thoracic 
aortic distal to left subclavian artery. Area of intimal dissection 
seen as linear lucency (arrow). 


died of low cardiac output, one of sepsis and one from an 
obstructed tracheostomy tube. Twenty-three of 27 pa- 
tients who underwent repair using the external shunt 
are alive and well. One patient is institutionalized as a 
result of brain damage secondary to his head injury; 
one patient developed paraplegia postoperatively be- 
cause the cannula used was too small; one died as a 
result of uncontrollable hemorrhage which occurred when 
the aorta was torn where it was cross clamped; and 
one patient died during the operation as a result of his 
associated head injury. 

Only one patient was not operated upon. The patient 
who was 72-years-old has sustained multiple extremity 
fractures, rib fracturs, and pulmonary contusion. Be- 
cause of these associated injuries the mediastinal widen- 
ing present on initial chest roentgenogram was not 
initially appreciated. When it was finally recognized 
three weeks after her injury, an aortogram was obtained 
which established the diagnosis. Because of her age, 
overall poor general condition and multiple injuries she 


TABLE 4. Time Interval from Injury to Operation 





12 hours 2 
24 hours 

48 hours 

more than 5 days 


Wr Aa 
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was treated with antihypertensive agents and propanol 
with good results. She is alive and well 6 months later. 

Complications occurred in 18 patients, pulmonary 
complications being the most frequent and occurring in 
10 patients. Respiratory insufficiency was severe enough 
in 10 patients to require prolonged ventilatory assistance. 
Vocal cord paralysis occurred in 6 patients. Other compli- 
cations included intestinal obstruction from adhesions, 
perforated sigmoid colon, renal failure, and chronic 
subdural hygroma and pulmonary embolus. One patient 
developed a false aneurysm in the vicinity of the distal 
purse suture which was successfully resected one year 
following his original operation again using the bypass 
shunt. A second patient developed a gradient across 
the proximal anastomosis that was treated successfully by 
replacing the graft with a larger prosthesis. Overall, 30 
of 37 patients (81%) who underwent repair of aortic rup- 
ture are alive. 


Discussion 


Although much has been written, the factors respon- 
sible for traumatic rupture of the thoracic aorta have 
not been clearly defined. The most widely accepted 
explanation is that aortic rupture results from stresses 
caused by unequal rates of horizontal deceleration of 
different portions of the aorta, especially of points of 
fixation. According to Hass whenever one part of the 
body is decelerated at a rate which is different from that 
of another part the connection between the two parts is 
placed under stress which is proportional to the rates of 
deceleration.'? In high speed decelerating injuries, the 
central portion of the descending aorta is snapped forward 
by the momentum of the deceleration force and the mass 
of the aorta’s content of blood. The arch of the aorta, 
which is fixed by the great vessels, decelerates at the same 
rate as the whole body. Because the two portions of 
the aorta decelerate at a different rate the greatest 
stress is placed at the aortic isthmus, which has also been 
shown by Lundevall to be that portion of the aorta 
that is the least resistant to stress.? This theory is 
supported by the observation that 80 to 90% of all trau- 
matic aortic tears secondary to blunt trauma occur in this 
location and the fact that most aortic tears are linear and 
involve partial or complete transection.??! Zehnder 
however does not feel that deceleration and shearing 
stress at the aortic isthmus account for rupture and instead 


TABLE 5. Surgical Techniques Used for Repair of the Aortic Rupture 








Number Survived Died 
External shunt 27 25 2 
Partial left 
heart bypass 20 5 5 
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has emphasized the importance of bending stress created 
by chest compression which results in flexion of the 
aortic arch upon the "transverse mechanical bar and 
fulcrum” created by hilar structures of the left lung." 

Occasionally a direct shearing force is responsible 
for the aortic tear as occurs when there is a fraction 
dislocation of the spine. This could account for aortic 
tears that occur in the midportion of the descending 
aorta exemplified in one of our patients. Another theory 
suggests that the sudden increase in intraluminal pres- 
sure ruptures the aorta during accidents. Oppenheimer 
calculated the bursting pressure of the healthy adult 
human aorta and found it to range from 580 to 2500 
mg Hg.’ Most observers feel that the bursting pressure 
is unlikely to be exceeded in vehicular accidents. How- 
ever the fact that multiple ruptures can occur lends 
some credence to the theory that the sudden rise in 
intra-aortic pressure might be the primary force in 
producing aortic rupture. 

Whatever the pathogenesis the most common site of 
rupture in the descending aorta is at the isthmus with 
80 to 90% of aortic tears occurring in this location. 
Other sites of involvement include the distal descending 
aorta at the aortic hiatus in the diaphragm, the mid- 
thoracic descending aorta and rarely, the origin of the left 
subclavian artery. Greendyke and Lundevall and others 
found a 2096 incidence of multiple aortic ruptures in 
traffic accident victims examined at autopsy.5 ^ 

The aortic tear is transverse in 80 to 90% of the pa- 
tients and extends through all layers.” Death by ex- 
sanguination is instantaneous in these patients. In the 
remaining 10 to 20% the aortic tear extends only through 
the intima and media. The adventitia, mediastinal pleura 
and surrounding tissues contain the blood temporarily 
by the formation of a false aneurysm. If untreated the 
thin-walled vessel aneurysm follows an unpredictable 
course and may rupture hours, days, weeks or years after 
the initial episode of trauma. In Parmley's review of 125 
cases of aortic rupture 20% survived more than one 
hour after injury. Of those who survived at least one 
hour, 30% died within 6 hours, 49% died by 24 hours, 72% 
by 8 days and 9096 by four months. Since the majority 
of these patients die from secondary hemorrhage within 
three weeks if not treated, it is imperative that the diag- 
nosis be established promptly .** 

In the diagnosis of acute traumatic aortic rupture, 
it is imperative to maintain a high index of suspicion 
and a constant awareness of the likelihood of this lesion 
in victims of high speed decelerating injuries, whether or 
not there is external evidence of chest injuries. One- 
third to one-half of the patients reported in the literature 
had no external evidence of thoracic injury at the time 
of initial physical examination.” 9:17:19:3136 

This occurred in one-third of our patients with aortic 
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rupture. Despite the severe nature of the injury the 
clinical manifestations of aortic rupture are usually 
deceptively meager. At times, as in one of our patients, 
the diagnosis was not considered because the patient on 
initial evaluation did not appear to have a critical injury. 
More often associated neurosurgical, orthopedic, facial 
and abdominal visceral injuries are present. These co- 
existing injuries are easily diagnosed and although it did 
not occur in our patients their presence can mask the 
signs and symptoms of aortic injury or divert the physi- 
cian’s attention away from the more lethal aortic rupture. 

The most common complaint reported in the litera- 
ture (26% is retrosternal or interscapular pain.*’ This is 
felt to be secondary to mediastinal dissection of blood. 
Less frequency encountered symptoms include dys- 
phagia due to esophageal compression, dyspnea, stridor, 
hoarseness, and symptoms of ischemia as the result of 
impairment of blood supply to the spinal cord or upper 
extremities.7:10.19:33 

Clinical findings of importance are the acute onset of 
upper extremity hypertension, especially if it is coupled 
with evidence of continued blood loss, difference in pulse 
amplitude (determined by palpation or auscultation) be- 
tween the upper and lower extremities and the presence 
of a harsh systolic murmur over the precordium or 
posterior interscapular area.???? Upper extremity hyper- 
tension occurred in 43% of our patients and in 31% of the 
patients reported in the literature.? It has been attributed 
to compression of the aortic lumen by à periaortic 
hematoma with or without subadventitial dissection. If 
the aortic lumen is narrowed by this process, or if the 
torn intima and media form a flap which acts as a ball 
valve, partial aortic obstruction occurs. This produces 
the ‘‘acute coarctation syndrome"' as described by Malm 
and Deterling with hypertension in the upper extremities 
and a difference in pulse amplitude between the lower 
and upper extremities.” Although a difference in pulse 
amplitude was an infrequent occurrence in our patients it 
has been reported in 37% of the patients reviewed by 
Symbas. The hypertension may also be secondary to. 
stretching or stimulation of the cardiac plexus that Is 
located in the area of the isthmus.”! This mechanism 
could account for the upper extremity hypertension that 
occurs without aortic narrowing and could also account 
for the postoperative hypertension that was seen in one- 
third of our patients postoperatively. The systolic murmur 
was heard in 31% of our patients and in 26% of the 200 
patients reviewed by Symbas.*’ The murmur is thought to 
be due to the turbulent flow across the area of transection. 

Other less frequently encountered physical findings 
include hoarseness, diminution in left radial pulse, 
transient anuria and paraplegia and swelling of the base of 
the neck due to extravasation of blood from the medi- 
astinum which causes an increase in neck circum- 
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ference.”:15-17-25.32 McKenzie has suggested that the extra- 
vasation of blood into the neck may be a valuable 
diagnostic sign in acute rupture of the aorta.^? He 
demonstrated the presence of blood in the carotid 
sheath in 16 of 17 accident victims who succumbed 
from aortic rupture. 

Radiography of the chest is invaluable in arousing 
suspicion of aortic rupture. The importance of careful 
evaluation of the chest roentgenogram cannot be over- 
emphasized since it is apparent from a review of the litera- 
ture that too many patients have succumbed because the 
presence and significance of radiographic abnormalities 
were not appreciated.”® An increase in the width of the 
superior mediastinum is an important sign suggesting 
traumatic rupture of the aorta.*9?!5 This sign itself, 
however, is not diagnostic for there are many causes of 
mediastinal bleeding. A preexisting mediastinal lesion 
may be responsible for the alteration of the mediastinal 
shadow. Frequently anteroposterior roentgenograms 
with the patient in the supine or semiapical lordotic 
position, rather than posterior examination are obtained 
because the condition of the patient does not permit 
standard filming techniques. Each of these factors tends 
to magnify the superior mediastinum and to give it an ab- 
: normal appearance even if it is entirely normal. Obscura- 
tion of the aortic knob shadow, loss of sharpness of 
the aortic outline, depression of the left mainstem 
bronchus, deviation of the trachea to the right, left 
pleural effusion, obliteration of the medial aspect of the 
apex of the left upper lobe, opacification of the clear 
space between the aorta and pulmonary artery alone or 
in combination are other chest roentgenographic findings 
most often are seen in patients with acute aortic rup- 
ture." Other roentgenographic manifestations that are re- 
ported to occur in association with acute traumatic rup- 
ture of the aorta include widening of the paravertebral 
stripe, first rib fracture, fracture dislocation of thoracic 
spine, fracture of sternum and a posterior displaced 
clavicular fracture. Although these findings are highly 
suggestive of acute?" traumatic rupture of the aorta 
they are not diagnostic even when associated with upper 
-extremity hypertension or a systolic murmur. Each radio- 
graphic finding may be seen separately or in various 
combinations in patients without aortic disruption. The 
standard upright posteroanterior chest roentgenogram is 
often recommended in the evaluation of acute aortic 
rupture. Even if this could be easily obtained, and it 
often cannot be, it does not add useful information that 
is not already present on the supine film. Serial chest 
radiographs certainly might solve the diagnostic dilemma 
but it is our feeling that they are contraindicated if 
exsanguination from secondary rupture is to be avoided. 
Traumatic rupture of the aorta has been reported to 
occur in patients with a normal admitting chest roentgeno- 
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gram.??? Since a widened mediastinum is not always 
caused by an aortic rupture nor is rupture of the aorta 
always associated with a widened mediastinum a defini- 
tive diagnostic procedure is necessary. 

Aortography is the only definitive technique of estab- 
lishing the diagnosis of acute aortic transection and 
should be performed on any patient who has sustained a 
high speed decelerating injury or blunt trauma to the 
chest whether or not there is external evidence of 
thoracic injuries, whether or not there are clinical findings 
suggesting aortic rupture, and whether or not there are 
changes in the chest roentgenogram. To paraphrase 
an old expression concerning tracheostomy — ''In think- 
ing of the diagnosis of acute aortic rupture— do on aorto- 
gram.’’?° 

With aortography it is possible to determine the site 
or sites of rupture and to estimate the size of the false 
aneurysm. Preoperative knowledge of the laceration and 
extent of rupture could prevent undue manipulation of 


„the false aneurysm at the time of operation when 


hemorrhagic distortion could make the site of the rupture 
difficult to visualize. It also prevents unnecessary thora- 
cotomies. High quality aortography can be obtained by 
using a rapid film changer and by directly injecting 
the contrast medium into the aorta through a catheter. 
Retrograde femoral arteriography using a long soft "J'' 
shaped catheter passed under fluoroscopic control was 
used in the majority of our patients without difficulty. 
We prefer this approach because the examination can be 
performed easily, even in the severely injured or un- 
cooperative patient. This approach also allows angio- 
graphic evaluation of other areas of suspected injury. 

Characteristically, the aortogram demonstrates the 
presence of a pseudoaneurysm without extravasation of 
contrast material at or near the ligamentum arteriosus. 
However any segment of aorta may be involved. The 
internal tears are usually visualized as irregularly filling 
defects within the lumen of the aorta. Since the tran- 
section can be complicated by medial dissection this 
should be carefully searched for when evaluating the 
aortogram.'® At times the angiographic appearance of a 
ductus diverticulum may be misinterpreted as a pseudo- 
aneurysm (Fig. 2). Ductus diverticulum is characterized 
by an area of bulging limited to the inferior medial surface 
of the aorta with no intimal tears and most importantly a 
smooth interface with the aorta. 

Because of the ever present menace of sudden lethal 
secondary rupture of the false aneurysm, repair of the 
lesion should be performed as soon as the diagnosis is 
made and the site or sites of rupture localized and as a 
planned order of management of associated injuries is 
established. Aortography should always precede thoraco- 
tomy unless contraindicated by a rapid deterioration in 
the patient's condition. A brief delay to establish manage- 


Vol. 184 e No. 3 
. 


ment priorities in these ofttimes multiple injured patients 
is advisable. The decision whetaer to first perform a 
celiotomy or thoracotomy must fit the circumstances. 
Initially in our experience repair of the coexisting ab- 
dominal injuries was carried out prior to thoracotomy 
in 6 patients, 5 of whom succumbed before thoracotomy 
could be performed. In none of these patients was there a 
bloody pleural effusion until exseguination occurred. In 
addition, two other patients succumbed because the thora- 
cotomy was delayed for various reasons. This experience 
as well as the fact that the untreated aortic rupture 
follows such an unpredictable course makes us feel that 
aside from rapidly progressing craniocerebral injuries 
such as epidural hemorrhage or massive intra-ab- 
dominal hemorrhage, traumatic rupture of the aorta 
deserves the highest priority and its repair should be 
carried out first. Since repair of the aorta can be carried 
out with a shunt that does not require systemic hepariniza- 
tion intra-abdominal bleeding will not as a rule in- 
crease during the thoracotomy. In the event that intra- 
abdominal bleeding increases during the thoracotomy, 
exploration of the abdomen car be done by incising 
the diaphragm or extending the mcision into the abdo- 
men. Prior to doing this, the surgeon should secure 
proximal and distal control of the aorta. 

In those circumstances in which the repair of the aortic 
rupture must be delayed becatse another operation 
and/or diagnostic studies are needed, it is important 
that the blood pressure be maintarned below 120 mm Hg 
systolic with antihypertensive agents. These drugs by 
lowering the blood pressure will decrease the ''shearing 
jet effect" of the pulse and thus cecrease the possibility 
of subadventitial dissection of aortic rupture. Those 
rare patients whose condition makes thoracotomy and 
repair inadvisable can be treated by the ‘‘Wheat’’ 
regimen (quanethidine, reserpine and propranolol) that is 
frequently used for spontaneous aortic dissection. Al- 
though a few patients have been successfully treated 
with this regimen additional studies are necessary before 
drug therapy can be recommended for use in the treat- 
ment of most acute aortic ruptures.” 

When aortic repair is carried out ischemic injury to 
the spinal cord and kidneys must be avoided, the cerebral 
vessels spared from hypertension and acute left-heart 
failure prevented. The techniques most widely used to 
accomplish these goals are left heart bypass or femoral 
vein to femoral artery partial bypass.??:1*15273* Despite 
careful control of left atrial pressure with these tech- 
niques, either alone or in combination, left atrial hyper- 
tension and pulmonary edema occasionally have de- 
veloped. A more common problem associated with the 
necessary total-body heparinization has been excessive 
bleeding from the dissection necessary to isolate the 
aorta.”® Heparinization may also increase intra-abdominal 
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Fic. 2. Retrograde aortogram demonstrating ductus diverticulum. Note 
there are no intimal tears and the smooth interface with the aorta. 


or intracerebral bleeding. The latter occurred in two of 
our patients and the resultant brain damage was re- 
sultant brain damage was responsible for their death. 
Postoperative hemorrhagic diathesis resulting from al- 
teration in coagulation factors during extracorporeal cir- 
culation has also been reported to occur with its 
attendant complications. If the aortic rupture is compli- 
cated by proximal medial dissection into the ascending 
aorta, partial bypass must be used. An advantage of 
femoral vein to femoral artery bypass is that in the rare 
event of free rupture at the onset of operation partial 
bypass can be initiated while thoracotomy and aortic 
cross-clamping are performed. To avoid these problems 
during the time of aortic cross-clamping and to achieve 
the goals previously discussed we employ an external 
shunt composed of plastic arterial cannula connected 
to Tygon tubing and which does not require systemic 
heparinization.!??9 Two sizes have been used: a 7.5 mm 
cannula connected with % inch tubing and a 9 mm 
cannula connected with 1⁄2 inch tubing. The tubing is 
filled with 30 cc saline containing 1000 units of heparin 
to prevent clotting when there is no flow through the 
shunt. Once adequate flow through the shunt begins, 
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clotting does not occur. To ensure adequate flow through 
the shunt the clamps on the shunt must not be re- 
leased until the aorta proximal to the rupture is clamped. 
In addition air can be evacuated from the system by 
inserting a #21 gauge needle capped with a three-way 
stopcock into the Tygon tubing. Previous studies have 
shown that flow in the distal aorta with a 7.5 mm 
cannula is 2000 cc/min while the flow with a 9 mm 
cannula is 4000 cc/min. This technique cannot be used 
if there is associated medial dissection complicating 
the transection. If on the aortogram there is a suggestion 
that dissection has occurred the operation should be 
performed with a pump standby. Because the marked 
mediastinal hemorrhage and its surrounding reaction 
prevented adequate mobilization of the aorta and because 
of the marked friability of the aortic wall we were 
unable to perform a primary end-to-end anastomosis as 
advocated by Alley, McGough and others.!?* Instead 
aortic continuity was established with a woven graft in 
all of the patients, even those with an incomplete 
transection. 

Another useful adjunct during the operative manage- 
ment of these patients is the use of a Carlens double 
lumen endotracheal tube in conjunction with high 
oxygen ventilation. By selectively collapsing the left 
lung, exposure and dissection of the aorta is facilitated. 
In addition, retraction of the left lung is unnecessary 
thereby minimizing the amount of damage that normally 
occurs with retraction of the lung. This is especially 
important in someone who has sustained a pulmonary 
contusion. Since we began using this technique several 
years ago we have noticed a decrease in the incidence and 
severity of pulmonary insufficiency postoperatively. 

Although the mortality rate for repair of acute aortic 
rupture was 19% in this series we agree with Laforet 
that a ‘vigorous surgical attack is justified in all cases 
of acute traumatic rupture of the aorta as it is a catas- 
trophic situation that justifies heroic aggression." ''* 
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DISCUSSION 


Dr. WILLIAM Evans NEVILLE (Newark, New Jersey): Although 
penetrating chest trauma is endemic in Newark, not a single patient 
has been operated on at the Medical School for traumatic injury to the 
thoracic aorta before I arrived 5 years ago. At the present time we see 
about three patients a month who are referred from the surrounding 
community hospitals with the presumptive diagnosis of injury of the 
descending aorta. This is usually on the basis of repetitive chest x-rays 
showing an increased width of the mediastinum. Obviously, not all of 
these patients have a ruptured aorta, but due to the lethal potential of 
these lesions, the majority of emergency room physicians realize that 
aortography should be used rather liberally. Since Vascular Radiologists 
are non-existent in these hospitals, the patients are sent to us for 
evaluation. Another reason, of course, is the ready availability of our 
open heart team to operate upon them immediately. 

As a rule, some pathology exists within the chest which warrants 
exploration. For example, in the past 6 weeks we have successfully 
operated on a patient with a ruptured right atrium, and another with an 
injured right ventricle, when the aortogram was normal, but increasing 
tamponade suggested that the injury was intrapericardial. 

We have recently reviewed 21 patients successfully operated upon for 
deceleration injuries of the descending aorta in our institution. It is in- 
teresting that in 12 of these individuals the injury was acute, while the re- 
maining had chronic aneurysmal dilatation which was observed on x- 
ray and aortography some months after the accident. Another 6 
individuals died either in the ambulance or in the emergency room be- 
fore we could get them to surgery. 

In all of the operated cases femorofemoral bypass was used, which 
I believe gives one more latitute. However, I would certainly agree 
with the Michigan group that if one is not going to use extracorporeal 


circulation, a shunt is mandatory. 


I would like to emphasize that the chest deserves priority over the 
abdomen. However, one cannot be adamant. When blood is ob- 
tained from an abdominal tap, and the possibility of a ruptured spleen 
or liver exists, the chest and the abdomen can be opened con- 
comitantly. This we have done on occasions. 

(Slide) This is an individual who arrived in the early morning 
following a car accident. As you can all recognize from the x-ray, 
he had a wide mediastinum. In addition he had exquisite abdominal 
tenderness and a positive tap. A laparotomy was done first which dis- 
closed a ruptured spleen and a lacerated liver. 

Following this, an aortogram disclosed an acute aneurysm of the 
descending aorta just distal to the subclavian. He was operated upon 
immediately and the aneurysmal dilatation resected. The posterior 
wall was left intact and the anterior wall oversewn. 

In contradistinction to the group from Michigan, we have been able to 
perform a primary anastomosis in all of these cases, without inter- 
position of a graft. In a few we have simply patched the area in- 
volved when the posterior wall was not injured. 


Dr. MICHAEL E. DEBAKEY (Houston, Texas): I want to commend 
Dr. Kirsh and I would like to emphasize the points Dr. Kirsh made, 
especially about the early recognition of the condition and the necessity 
for suspicion of the presence of the rupture, particularly in patients 
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who have decelerating injuries, whether they result from automobile 
accidents or from falls from high sites of construction, which is the 
second most common cause. 

Our own experience would generally support everything he said and 
has differed from his only in a few ways. 

This aortogram indicates the site of injury in the aorta, and in a certain 
proportion of our patients, it has been possible to repair the defect 
without actual resection. Depending on the type of injury, the repara- 
tive procedure will vary. 

The most important point about the technique is to approach the site 
of injury by control of the aortic flow above and below. As Dr. Kirsh 
indicated, this is best done through the pericardium, isolating the aorta 
just between the level of the left subclavian and the left common 
carotid arteries. It is usually possible to isolate the aorta satisfactorily 
by putting an occluding clamp at that level, then isolating the aorta 
below, and finally approaching the site of rupture. If one attempts to 
approach the site of rupture directly, exsanguinating hemorrhage 
can occur before complete control, and for this reason, control is 
extremely important. 

I would like to point out that in our early experience we used left 
atriofemoral and femorofemoral bypasses, as well as the shunt, 
somewhat similar to that described by Dr. Kirsh, in resecting seg- 
ments of the aorta, whether they were for traumatic rupture or for 
aneurysms. In the past 5 years, however, we have discontinued 
using any of these because we found that we could not reduce our 
incidence of between 1 and 346 of spinal cord disturbances, particularly 
paresis or paralysis, by any of the methods that we were using. 

We now approach these lesions directly, applying occluding clamps, 
and as expeditiously as possible, repairing the defect. This has pro- 
vided, as far as we are concerned, equally good results and, I think, 
probably improves the mortality rate. In any case, our mortality 
rate has improved during that same period. This improvement may be 
simply because of more experience, however. 

[Slide] Here you see the type of case which requires graft replace- 
ment. And here you see one of the consequences of survival of 
such an injury, later development of a false aneurysm. This complica- 
tion may develop at any time, from a few months to some years after- 
wards. One patient on whom I operated survived nearly 20 years with 
such an aneurysm before it began to enlarge enough to require 
resection. And, finally, I want to show this patient, who had a 
traumatic aneurysm followed by development of a false aneurysm, 
which required resection and graft replacement. The patient is now 
doing well. This is the longest survival that I know of—23 years 
since his original operation. 


Dr. LESTER R. BRYANT (New Orleans, Louisiana): Dr. Kirsh and 
his associates have brought us up to date on the management of acute 
traumatic rupture of the aorta, and several of the discussers have 
alluded to the problem of delayed recognition of traumatic rupture of 
the aorta. 

I'd like to describe a case, and ask the authors if they have specific 
comments about the management of patients whose aortic rupture oc- 
curred many years earlier, and in whom there does not seem to be a 
progression of the aneurysm. 

The slide that we're seeing is the chest X-ray of a 47-year-old 
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carpenter who was sent to us because he had a cough. As you can see, 
his chest film shows an abnormality of the aorta, (indicating) sug- 
gesting an aneurysm of the distal arch or the upper descending aorta. 
The history in this gentleman revealed that some 12 years earlier he 
had been in an automobile accident in which he was thrown from the 
car. He was taken care of in a small hospital for a number of days, be- 
cause of multiple rib fractures. He recovered without special ex- 
aminations of any type. When we saw him we assumed that the 
calcified lesion which you see here represented a traumatic rupture of 
the aorta. 

The aortogram did not show any significant deformity other than 
aneurysmal dilatation in this area. There was calcification, and we 
‘debated as to whether or not we should operate upon this man be- 
cause we did not know whether the aneurysm was likely to enlarge. 
We could not find much information about the long term course of 
‘aneurysms that were first discovered many years after the accident. 

We did operate. We found that over the period of 12 years there 
had been restructuring of the torn aorta and healing by fibrous 
tissue had done a very nice job of patching the aorta. In fact, when we 
opened it, it was hard to identify the original area of tear. 

We resected the aneurysm, put in a graft, and the man has done 
quite well since. I’m not certain, however, that we accomplished 
anything in this situation by doing a resection, because of the way he 
had handled the aneurysm himself, with the calcification, and so on. 

Perhaps the authors, or others, might comment upon whether or not 
we are always mandated to operate upon a patient who has a delayed 
recognition of rupture of the aorta. 


Dr. BERNARD ZIMMERMANN (Morgantown, West Virginia): We 
have experienced sort of an epidemic of these injuries in the last few 
years, and our experience has been similar, most of the injuries 
occurring in the descending aorta just distal to the left subclavian. 

(Slide) A 27-year-old man who was referred from a nearby hospital. 
This x-ray was taken on a litter. That accounts for this artifact. The 
widened mediastinum is apparent. 

Miraculously, this man, who had multiple injuries, had not under- 
gone laparotomy, had not had his head injuries treated; he hadn't 
had his facial lacerations sutured; he hadn't had his orthopedic 
injuries taken care of. This doesn't happen very often, as you know. 
Therefore, an attack on the thoracic problem was the first action 
undertaken. 

This aortogram was done. As you can see, this is a perfectly 

normal—in the usual place where one looks for this type of injury. 
However, it was felt that this was an inadequate study because the 
proximal aorta was not demonstrated. The catheter was advanced 
and second injection was made. 
. This picture shows a flap of intima and what was felt to be a hematoma 
in the region of the ascending aorta. He was immediately taken to 
the operating room and put on cardiopulmonary bypass. This large 
hematoma, which was expanding, was found as well as hemo- 
pericardium. It was opened, the defect identified after cross-clamping 
the aorta, and repaired without event. His other injuries were subse- 
quently attended to. 

I thought the authors might care to comment on this rather unusual 
location of a deceleration injury to the aorta. 


Dr. WILLIAM E. DEMuTH (Hershey, Pennsylvania): As emergency 
mecial services improve, we are sure to see a change in the epidemiology 
of traumatic rupture of the aorta as related to hospital experience. 
As our emergency medical technicians get better, instead of a 90% 
mortality in the pre-hospital phase, they will surely deliver more than 
10% of such patients to us in a viable state. This is already 
happening. 

In this report and in most others we have heard about patients 
who are operated upon one, 2, 4, 6 or more hours after injury. 
What of those who have minutes to live? It is probable that 10 years 
from now it will be considered malpractice if we do not do thoracotomy 
in emergency rooms in patients who are exsanguinating. The reported 
experience of Mattox et al. from Houston clearly attests to the validity 
of this concept. Our plans must include these patients. Some are 
sure to have ruptured aortas. 

Several years ago we reported such a patient who was admitted 
paraplegic with a blood pressure of 50. We could not hear heart 
sounds, much less a murmur. We operated upon him immediately 
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without benefit of bypass or shunt, repaired the injured aorta, and 
within an hour his paraplegia disappeared. We have a healthy truck 
driver to show for it. We were criticized for avoiding study and bypass 
and I was reminded of an account of an instance in which a famous 
professor of pathology who, while doing an autopsy, asked a resident 
why he had not applied some therapy which would have saved the 
victim's life. The young doctor responded that he didn't have time. 
The professor replied, '*Doctor, it seems that you had all the time 
there was.” 


Dr. MARVIN M. KinsH (Closing discussion): We would agree with 
Dr. Neville that aortography is necessary in all patients in whom the 
diagnosis of ruptured aorta is suspected. Roughly one in every 4 of our. 
patients undergoing aortography is found to have a rupture of the 
aorta. With reference to his question about coexisting abdominal 
injuries, we position the patient on the table with the chest in a true 
thoracotomy position, but with the femoral artery and the groin rotated 
back at approximately a 45? angle. The abdomen, chest, and groins 
are prepared and draped. If during the course of the thoracotomy 
there is obvious significant intra-abdominal bleeding, one can either 
extend the incision into a thoraco-abdominal one or open the diaphragm, 
gaining exposure within the abdomen, and controlling bleeding at the 
same time. 

With reference to using a graft, Dr. Alley, and others have per- 
formed primary anastomosis in their patients. We have felt that the 
shunts prevented adequate mobilization for performing anastomosis. 

Regarding Dr. DeBakey's comments about nonutilization of a shunt, 
we have been aware of his work resecting thoracic aneurysm without 
any bypass shunts for a number of years. More recently, Dr. Kirklin 
in Alabama and Dr. Turney at the University of Maryland reported a 
total of 13 patients who underwent repair of acute transection without 
the use of shunts and without paraplegia. 

We have always felit that a longer period of time would be avail- 
able if one used a method of protecting the spinal cord and kidneys; 
therefore we have not attempted this approach. Dr. Kirklin's group 
mentioned that only highly skilled, trained personnel should attempt 
to do resections without shunts or cardiopulmonary bypass, and we 
would agree with that. 

Chronic aneurysm formation occurs in approximately 5% of pa- 
tients who sustain acute aortic rupture. The history is typical. As Dr. 
Bryant mentioned, there is usually a long latent interval between the 
injury and the discovery of the aneurysm. 

There have been several excellent studies in the literature attesting 
to the fact that these aneurysms do increase in size with time, and that a 
significant percentage of them rupture, or become symptomatic. 
We agree with him that resection of these chronic aneurysms is indi- 
cated. 

Dr. Zimmermann's point is well taken, in that careful aortography 
of the entire aorta is necessary. Roughly 20% of acute ruptures of 
the aorta are associated with multiple injuries, and it's imperative, 
upon angiography, to examine the entire aorta, looking for ascending 
tears as well as tears of the subclavian or innominate artery.- The 
plane film findings will be identical, no matter where the location of 
the rupture, and one cannot localize the rupture from such films. 

When performing the aortogram the patient is best moved into the 
right posterior oblique position of 45°. This allows adequate visualiza- 
tion of the ascending aorta, the branch vessels of the aorta, and the 
descending aorta. 

We were aware of Dr. DeMuth's paper concerning. his patient who 
was operated upon, became paraplegic, and then regained use of his 
lower extremities following the operation. The paraplegia, of course, 
is related to the duration of ischemia prior to operation. We would 
agree with them that if the patient was admitted in the emergency 
room and experienced cardiovascular collapse, immediate thoracotomy 
should be performed. 

A word of caution however: there have been patients with traumatic 
aortic rupture described in whom the external appearance of the aorta 
was entirely normal, but who experienced subsequent rupture at a 
later date. I feel that if the patient is successfully resuscitated, and 
no rupture is found, when the patient is in a stable condition aortog- 
raphy should be obtained. 

I would also like to emphasize that roughly 25% of our patients had 
myocardial contusions or other cardiac injuries, and these should be 
carefully sought for when evaluating their condition. 
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Now you can protect and inspect a draining wound 
without the trauma or bother of dressing removal. 
Only the Hollister* Draining-Wound Management 
System isolates the wound without concealing it 
from view. 


This modern wound-care method does away with 
most-— if not all—of the problems associated with 
absorbent dressings. The Hollister system lets you... 


see hemorrhaging or other unwelcome conditions de- 
veloping at the wound site. 

keep drainage away from the wound, protecting the skin 
treat the wound without time-wasting dressing changes 
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isolate the wound, guarding against two-way contami- 
nation 


Ideal for fistulas and for use after any draining 
surgical procedure. Everything is supplied sterile 
for quick application in the O.R., recovery, I.C.U. 
or patient's room. 


If you want to see what's going on at the wound 
site, you ll want to see the Hollister-system. Write 
for complete information. 


torpe 


INSPECT 
WOUND 


through transparent 
Access Cap without 
trauma of dressing 
removal; to treat 
wound or advance 
drain tube remove 
just the Cap. 


COLLECT 
EXUDATE 


in a Drainage 
Collector that keeps 
fluid away from 
wound and odor 
away from patient. 


assess and measure exudate without removing the 


HOLLISTER INCORPORATED, 211 E. CHICAGO AVENUE, CHICAGO, ILLINOIS 60611 
system 


HOLLISTER LIMITED, 322 CONSUMERS ROAD. WILLOWDALE. ONTARIO M2J 1P8 


© COPYRIGHT 1975, 1976. HOLLISTER INCORPORATED, ALL RIGHTS RESERVED 


In more than 3,500 
a relatively low inciden 


When used as directed, there has been a relatively 
low incidence of adverse renal or eighth nerve 


A relatively low incidence of 


reactions with gentamicin. The risk of such 2 | | 
reactions is low in patients with normal renal | | 
function who do not receive the drug at higher 


dosages or for longer periods of time than 
recommended. 
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Proper patient management—the key to 
minimizing the risk of adverse reactions 
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In serious gram-negative infections* 







GARAMYCIN* Injectable, brand of gentamicin 
sulfate. U.S.P, injection, 40 mg. per ml. 

Each mil. contains gentamicin sulfate, U.S.P. equivalent 
to 40 mg. gentamicin. 

For Parenteral Administration. 


WARNING 


Patients treated with GARAMYCIN Injectable 
should be under close clinical observation 
because of the potential toxicity associated 
with the use of this drug. 

Ototoxicity, both vestibular and auditory, 
can occur in patients, primarily those with 
pre-existing renal damage, treated with 
GARAMYCIN Injectable usually for longer 
periods or with higher doses than 
recommended. 

GARAMYCIN Injectable is potentially 
nephrotoxic, and this should be kept in mind 
when it is used in patients with pre-existing 
renal impairment. 

Monitoring of renal and eighth nerve func- 
tion is recommended during therapy of 
patients with known impairment of renal func- 
tion. This testing is also recommended in 
patients with normal renal function at onset of 
therapy who develop evidence of nitrogen 
retention (increasing BUN, NPN, creatinine or 
oliguria). Evidence of ototoxicity requires 
dosage adjustments or discontinuance 
of the drug. 

In event of overdose or toxic reactions, peri- 
toneal dialysis or hemodialysis will aid in 
removal of gentamicin from the blood. 

Serum concentrations should be monitored 
when feasible and prolonged concentrations 
above 12 mcg./ml. should be avoided. 

Concurrent use of other neurotoxic and/or 
nephrotoxic drugs, particularly streptomycin, 
neomycin, kanamycin, cephaloridine, 
viomycin, polymyxin B, and polymyxin E 
(colistin), should be avoided. 

The concurrent use of gentamicin with 
potent diuretics should be avoided, since 
certain diuretics by themselves may cause 
ototoxicity. In addition, when administered 
intravenously, diuretics may cause a rise in 
gentamicin serum level and potentiate 
neurotoxicity. 

USAGE IN PREGNANCY Safety for use in 
pregnancy has not been established. 





INDICATIONS GARAMYCIN Injectable is indi- 
cated, with due regard for relative toxicity of antibiotics, 
in the treatment of serious infections caused by 
susceptible strains of the following microorganisms: 

Pseudomonas aeruginosa, Proteus species 
(indole-pasitive and indole-negative), Escherichia 
coli and Klebsiella-EnterobacterSerratia 
species. 

Clinical studies have shown GARAMYCIN Inject- 
able to be effective in septicemia and serious infections 
of the central nervous system (meningitis), urinary 
tract, respiratory tract, gastrointestinal tract, skin and 
soft tissue (including burns). 


* Due to susceptible organisms 
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equivalent to 40 mg. of gentamicin 


Bacteriologic tests to determine the causative organ- 


isms and their susceptibility to gentamicin should be 
performed. 

Bacterial resistance to gentamicin develops slowly in 
stepwise fashion: there have been no one-step muta- 
tions to high resistance. 

In suspected or documented gram-negative sepsis, 
GARAMYCIN may be considered as initial therapy. 
The decision to continue therapy with this drug should 
be based on the results of susceptibility tests, the 
severity of the infection, and the important additional 
concepts contained in the Warning Box. 

For suspected sepsis when the infecting organism 
is unknown, gentamicin may be administered in 


conjunction with a penicillin-type drug. Following iden- 


tification of the organism and its susceptibility, appro- 
priate antibiotic therapy should then be continued. In 
the neonate with suspected sepsis or staphylococcal 
pneumonia. a penicillin-type drug is also usually indi- 
cated as concomitant therapy with gentamicin. 

GARAMYCIN Injectable has been shown to be 
effective in serious staphylococcal infections. It may be 
considered in those infections when penicillins or 
other less potentially toxic drugs are contraindicated 
and bacterial susceptibility testing and clinical judg- 
ment indicate its use. 


CONTRAINDICATIONS A history of hypersensi- 
tivity to gentamicin is a contraindication to its use. 


WARNINGS See Warning Box. 


PRECAUTIONS Neuromuscular blockade and 
respiratory paralysis have been reported in the cat 
receiving high doses (40 mg/kg) of gentamicin. The 
possibility of these phenomena occurring in man 
should be considered if gentamicin is administered to 
patients receiving neuromuscular blocking agents, 
such as succinylcholine and tubocurarine. 

Treatment with gentamicin may result in overgrowth 
of nonsusceptible organisms. If this occurs, appro- 
priate therapy is indicated. 


ADVERSE REACTIONS: 

Nephrotoxicity: Adverse renal effects, as demon- 
strated by rising BUN, NPN, serum creatinine and 
oliguria, have been reported. They occur more 
frequently in patients with a history of renal impair 
ment treated with larger than recommended dosage. 

Neurotoxicity: Adverse effects on both vestibular 
and auditory branches of the eighth nerve have been 
reported in patients on high dosage and/or prolonged 
therapy. Symptoms include dizziness, vertigo, tinnitus, 
roaring in the ears and hearing loss. 

Numbness. skin tingling, muscle twitching, and 
convulsions have also been reported. 

Note: The risk of toxic reactions is low in patients 
with normal renal function who do not receive 
GARAMYCIN Injectable at higher doses or for longer 
periods of time than recommended. 

Other reported adverse reactions, possibly related to 
entamicin, include increased serum transaminase 
SGOT, SGPT), increased serum bilirubin, transient 

hepatomegaly, decreased serum calcium: splenomeg- 
aly, anemia, increased and decreased reticulocyte 
counts, granulocytopenia, agranulocytosis. thrombo- 
cytopenia, purpura: fever, rash, itching, urticaria, 
generalized burning, joint pain, laryngeal edema: 
nausea, vomiting, headache, increased salivation, leth- 
argy and decreased appetite, weight loss, pulmonary 
fibrosis, hypotension and hypertension. 





DOSAGE AND ADMINISTRATION 
GARAMYCIN Injectable may be given intramuscularly 
or intravenously. . 

For Intramuscular Administration: 

Patients with normal renal function” 

Adults: The recommended dosage for 
GARAMYCIN Injectable for patients with serious 
infections end normal renal function is 3 mg/kg/day. 
administered in three equal doses every 8 hours. 

For patients weighing over 60 kg. (132 Ib.), the usual 
dosage is 89 mq. (2 ml.) three times daily. For patients 
weighing 60 kg. (132 lb.) or less. the usual dosage is 
60 mg. (1.5 ml.) three times daily. 

In patients with life-threatening infections, dosages 
up to 5 mg./kg./day may be administered in three or 
four equal doses. This dosage should be reduced to 
3 mg kg./ day as soon as clinically indicated. 

“In children and infants. the newborn. and patients 
with impaired renal function. dosage must be adjusted 
in accordance with instructions set forth in the 
Package Insert. 

For Intravenous Administration: 

The intravenous administration of GARAMYCIN 
Injectable is recommended in those circumstances 
when the intramuscular route is not feasible (e.g., 
patients in shock, with hematologic disorders, with 
severe burns, or with reduced muscle mass). 

For intravenous administration in adults, a single 
dose of GARAMYCIN Injectable may be diluted in 100 
or 200 ml. cf sterile normai saline or in a sterile solu- 
tion of dextrose 5% in water: in infants and children. 
the volume of diluent should be less. The concentra- 
tion of gentamicin in solution in both instances should 
normally not exceed 1 mg./ml. (0.1%). The solution is 
infused over a period of one to two hours. 

The recommended dose for intravenous adminis- 
tration is identical to that recommended for intra- 
muscular use. 

GARAMYCIN Injectable should not be physically 
premixed with other drugs, but should be administered 
separately in accordance with the recommended route 
of administration and dosage schedule. 


HOW SUPPLIED GARAMYCIN Injectable, 
40 mq. per ml., is supplied in 2 ml. (80 mg.) multiple- 
dose vials and in 1.5 ml. (60 mg.) and 2 ml. (80 mg.) 
disposable suringes for parenteral administration. 

Also available, GARAMYCIN Pediatric injectable, 
10 mg. per ml., supplied in 2 ml. (20 mg.) multiple- 
dose vials for parenteral administration. 
O11 JUNE 1975 

AHFS Category 8:12.28 


For more complete prescribing details, consult 
Package Insert or Physicians’ Desk Reference. 
Schering literature is also available from your 
Schering Representative or Professional 
Services Department, Schering Corporation, 
Kenilworth, New Jersey 07033. 
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DAVIS+GECK intro- 
duces D-TACH Needles— 
the modern detachable 
needle with the consistent 
pull-off strength. A 
gentle pull on the D-TACH 


Needle frees the suture 
smoothly, easily... 
every time. 

New D-TACH Needles 
are extra-sharp, extra- 
strong...made of special 
steel alloys for greater 
resistance to bending. All 
receive E-Z Pass pro- 
cessing for smoother 


passage through tissue. 
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with D-TACH Needles, 
the modern detachable 
needles. 
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Glove talc is 
N O longer No talc was applied to your gloves today. 


—Talc and lycopodium are no longer 


a problem aaa Used as glove lubricants in hospitals 


because their potential for causing 
intra-abdominal adhesions is well recognized. 
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In treating serious gram-negative infections. .. 





ffectiveness _ 


and safety are of 
equal importance 


When prescribing antibiotics for patients with serious infections. every physician weighs 
effectiveness against safety... and tries not to sacrifice one for the other. 


Nebcin: 


tobramycin sulfate 








General effectiveness 
Thegeneral effectiveness of Nebcin is now well known. Clinical studies have shown Nebcin to be 
indicated in the treatment of septicemia; C.N.S. infections, including meningitis; neonatal sepsis; 


serious lower respiratory infections; gastrointestinal infections, including peritonitis; skin, bone, 
and soft-tissue infections, including burns; and serious complicated and recurrent urinary tract 


infections caused by susceptible strains of the organisms listed below. 
Nebcin is usually active against most strains of the following 


organisms: 

Pseudomonas aeruginosa 

Proteus sp. (indole-positive and indole-negative), including 
Proteus mirabilis, Pr. morganii, and Pr. vulgaris 

Escherichia coli 

Klebsiella-Enterobacter-Serratia group 

Citrobacter sp. 

Providencia sp. 

Staphylococci, including Staphylococcus aureus (coagulase- 
positive and coagulase-negative) 


Safety 

Nebcin has been studied in 3,506 patients. Close analysis of 
adverse reactions reported suggests that Nebcin provides a 
desirable balance of effectiveness and safety. 


In the 3,506 case reports submitted to Eli Lilly and Company, 
drug-related side-effects (including abnormal laboratory values) 
were reported in 136 (3.9 percent) of the patients. Those of doubtful 
relationship to Nebcin were noted in 233 (6.6 percent). Adverse 
reactions were severe enough to warrant discontinuation of the 


drug in seventy cases. 


Bendush, C.L., and Weber, R.: Clinical Results with Tobramycin Sulfate: A Summary of 


Worldwide Experience, J. Infect. Dis. (Supplement) (in press). 


WARNINGS 


Patients treated with Nebcin should be under 
close clinical observation. because tobramycin 
and other aminoglycoside antibiotics have an 
inherent potential for causing ototoxicity and 
nephrotoxicity 

Both vestibular and auditory ototoxicity can 
occur Eighth-nerve impairment may develop tf 
patients have preexisting renal damage and if 
Nebcin is administered for longer periods or in 
higher doses than those recommended 

Tobramycin is potentially nephrotoxic Renal 
and eighth-nerve function should be closely 
monitored in patients with known or suspected 
renal impairment and also in those whose renal 
function is initially normal but who develop signs 
of renal dysfunction during therapy Such 
impairment may be characterized by cylindruria 
Oliguria. proteinuria. or evidence of nitrogen 
retention (increasing BUN. NPN. or creatinine) 
Evidence of impairment in renal. vestibular. or 
auditory function requires discontinuation of the 
drug or dosage adjustment 

Nebcin should be used with caution in 
premature and neonatal infants because of their 
renal immaturity and the resulting prolongation of 
serum half-life of the drug 

In the case of overdosage or toxic reactions. 
peritoneal dialysis or hemodialysis will help 
remove tobramycin from the blood 

Serum concentrations should be monitored 
when feasible. and prolonged concentrations 
above 12 mcg /ml should be avoided Urine 
should be examined for increased excretion of 
protein, cells. and casts 

Concurrent and sequential use of other 
neurotoxic and/or nephrotoxic antibiotics 
particularly streptomycin, neomycin. kanamycin, 
gentamicin, cephaloridine, paromomycin 
viomycin, polymyxin B. colistin. and vancomycin. 
should be avoided 

Nebcin should not be given concurrently with 
potent diuretics Some diuretics themselves cause 
ototoxicity, and intravenously administered 
diuretics enhance aminoglycoside toxicity by 
altering antibiotic concentrations in serum and 
tissue 

Usage in Pregnancy — Safety of this product for 
use during pregnancy has not been established 





Renal system: To maximize efficacy 
incidence of adverse effects and minimize risk 








Adverse Reactions in the Renal System 1. Follow recommended dosage schedules 
rv UT Renal function changes, as shown for all patients; adjust dosage and/or 
Condition or m" bun i vee A by rising BUN, NPN, and serum dosage intervals in patients with 
Laboratory as Classified by Investigator haa l , à sai PT ee 
Value creatinine and by oliguria, have impaired renal function. 
jaiai winks been reported with Nebcin 
ra E E PE: h bes 2. Monitor patients whose renal function 
Denm crediine 36 29 especially in patients on high dosage is initiall ih ahaa 
is initially normal but in whom ¢ 
Cun | » 28 and/or prolonged therapy and vi 1 die of nitrogen retention min 
c i. . . . ) SUF > 3 > * 3 
a een 6 13 particularly in those with known or — E cate PUN Ge 
eer sing serum creatinine, i 
Blood urea 12 14 suspected renal impairment. The oy d e durs eit 
Albuminuria 4 accompanying table summarizes the i OP E CET 
Uric acid 0 : re 9 - ; Ff ; 
WBC | 5 renal cffe ja SEA the study 3. Examine urine for an increase in 
RBC 0 5 group of 3,506 patients. protein, cells, and casts. 
88 141 - i ; À ; 
(in 53 patients)* (in 105 patients)* 4. Monitor renal function in all high-risk 


patients —the elderly, debilitated, and 
those with impaired renal function 
caused by trauma, surgery, infection, or 
chemotherapy. 


* Two patients are included in both categories; therefore, a total 
of 156 had 229 abnormal (related plus doubtful) adverse effects. 


5. Monitor serum concentrations when 
Nervous system: feasible. and avoid prolonged levels 


above 12 mcg./ml. Determine serum 


incidence of adverse effects concentrations if the dosage is increased 


Adverse Reactions in the Nervous System above those usually recommended. 
Adverse effects on both the 6 


Assess auditory and vestibular function 
vestibular and auditory branches of f $ à : 


during prolonged treatment in patients 


Number of Effects 
Condition as Classified by Investigator 


<a — —neuBiar— — the eighth nerve can occur. o» 
elate oubtful l He with known or suspected renal 
weer Impairment of eighth-nerve ade ; querat 
estibular piel: iere ! impairment and in those with initially 
ioness 9 9 function is most likely in patients utu Wi 
zines Lu. normal renal function who develop 
Vestibular disturbances 5 with renal damage, especially in boi penal cl vabogticar cite 
1 ; r : S S€ ays v 
Nystagmus 2 O those on high dosage and/or B "e : 
Vertigo 2 0 therapy. 
Áditaly prolonged therapy. Effects on 
Hearing decrease 5 vestibular and/or auditory function 7. Avoid the concomitant or sequential 
rise: ! " : 3 in the group of 3,506 patients are use of drugs that are potentially ototoxic 
emporary hearing loss shown 1 1 anor r i P 
Mibi ind z shown in the accompanying table. or nephrotoxic. 
Taste O 2 
Apnea O 1 
Asthenia O 1 
Neuropathy (not specified) 0 | 
2 23 
(in 23 patients) (in 21 patients) 





In patients with normal renal function who do 
not receive Nebcin in higher doses or for longer 
periods of time than those recommended, the 
risk of toxic reactions is low. However, patients 
treated with Nebcin should be under close 
clinical observation, because tobramycin and 
other aminoglycoside antibiotics have an 
inherent potential for causing ototoxicity and 
nephrotoxicity. 
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WARNINGS 
Patients treated with Nebcin should be under close clinical observation, 
because tobramycin and other aminoglycoside antibiotics have an inher- 
ent potential for causing ototoxicity and nephrotoxicity. 

Both vestibular and auditory ototoxicity can occur. Eighth-nerve impair- 
ment may develop if patients have preexisting renal damage and if Nebcin 
Is administered for longer periods or in higher doses than those 
recommended. 

Tobramycin is potentially nephrotoxic. Renal and eighth-nerve function 
should be closely monitored in patients with known or suspected renal 
impairment and also in those whose renal function is initially normal but 
who develop signs of renal dysfunction during therapy. Such impairment 
may be characterized by cylindruria, oliguria, proteinuria, or evidence of 
nitrogen retention (increasing BUN, NPN, or creatinine). Evidence of 
impairment in renal, vestibular, or auditory function requires discontinua- 
tion of the drug or dosage adjustment. 

Nebcin should be used with caution in premature and neonatal infants 
because of their renal immaturity and the resulting prolongation of serum 
half-life of the drug. 

In the case of overdosage or toxic reactions, peritoneal dialysis or hemo- 
dialysis will help remove tobramycin from the blood. 

Serum concentrations should be monitored when feasible, and 
prolonged concentrations above 12 mcg. / ml. should be avoided. Urine 
should be examined for increased excretion of protein, cells, and casts. 

Concurrent and sequential use of other neurotoxic and/or nephrotoxic 
antibiotics, particularly streptomycin, neomycin, kanamycin, gentamicin, 
cephaloridine, paromomycin, viomycin, polymyxin B, colistin, and vanco- 
mycin, should be avoided. 

Nebcin should not be given concurrently with potent diuretics. Some 
diuretics themselves cause ototoxicity, and intravenously administered 
diuretics enhance aminoglycoside toxicity by altering antibiotic concentra- 
tions in serum and tissue. 

Usage in Pregnancy—Safety of this product for use during pregnancy 


has not been established. | 


Description: Tobramycin sulfate, a water-soluble antibiotic of the aminoglycoside 
group, is derived from the actinomycete Streptomyces tenebrarius. Nebcin Injec- 
tionisa clearand colorless sterile aqueous solution for parenteral administra- 
tion. It is stable and requires no refrigeration. 

Indications and Usage: Nebcin is indicated for the treatment of serious infections 
caused by susceptible strains of the following microorganisms: Pseudomonas 
aeruginosa, Escherichia coli, Proteus sp. (indole-positive and indole-negative), 
Providencia, Klebsiella-Enterobacter-Serratia group, Citrobacter sp., and staphy- 
lococci, including Staphylococcus aureus (coagulase-positive and 
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susceptible to antibiotics having less potential toxicity. Nebcin may be considered 
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Clinical Experience With the Use of a Valve-Bearing Conduit 
to Construct a Second Left Ventricular Outflow Tract 
In Cases of Unresectable Intra-Ventricular 


Obstruction 


WALTER P. DEMBITSKY, M.D., CLARENCE S. WELDON, M.D. 


Two patients, ages 7 and 17, with unresectable obstructions 
within the left ventricular cavity, have been managed by inter- 
posing a conduit bearing a porcine aortic valve between the 
apex of the left ventricle and the infra-renal abdominal aorta. 
The younger child had idiopathic hypertrophic subaortic stenosis 
(IHSS) recognized in infancy. At age three, a right ventricular 
myomectomy and a trans-aortic left ventricular myotomy were 
performed. Symptoms were progressive with congestive failure, 
diaphoresis, syncope, and angina pectoris. Following construc- 
tion of a second left ventricular outflow tract with relief of 
intraventricular obstruction, the patient has become asympto- 
matic. The second patient has fibrous tunnel obstruction of the 
left ventricular outflow tracting providing a 100 mm Hg 
gradient. Fibrous tissue was resected in part through the trans- 
aortic route, and a second outflow tract was constructed. A post- 
operative cardiac catheterization revealed an obliteration of the 
previous intraventricular gradients and an equal distribution of 
left ventricular output through the two available outflow tracts. 
She remains asymptomatic. 


WO CHILDREN, age 7 and 17, with severe forms of 
T intra-cavitary left ventricular obstruction, have been 
managed by the surgical creation of a second left 
ventricular outflow tract. A polyester woven prosthesis 
bearing a glutaraldehyde-treated porcine aortic valve was 
inserted between the apex of the left ventricle and the 
infra-renal abdominal aorta. The alternative left ven- 
tricular outflow tract located proximal to the site of 
obstruction successfully removed systolic pressure 
gradient from the cavity of the left ventricle. Similar 
procedures have previously been performed for relief of 
obstruction at the aortic valve. 


Presented at the Annual Meeting of the American Surgical Asso- 
ciation, New Orleans, Louisiana, April 7—9, 1976. 


From the Division of Cardiothoracic Surgery, 
l the Department of Surgery, 
Washington University School of Medicine, 
St. Louis, Missouri 


Case Reports 


Case 1]. A T-year-old boy was first seen at the St. Louis 
Children's Hospital at the age of 16 months with congestive heart 
failure. Cardiac catheterization revealed hypertrophic muscular 
cardiomyopathy providing obstruction in the mid portion of both the 
right and left ventricles. A gradient of 119 mm Hg was recorded 
within the right ventricle and a gradient of 57 mm Hg was recorded 
in the left ventricle. Over the next two years, frequent episcdes of 
pneumonia and congestive heart failure was treated with antibictics, 
digitalis, diuretics, and propranolol. At the age of three, because of a 
continuing deterioration in his clinical condition, a second cardiac 
catheterization was performed. At this time, the systolic g-adient 
in the left ventricle was noted to have increased and measured 100 mm 
Hg. In January of 1971, an operation was performed under cardio- 
pulmonary bypass and at moderate hypothermia. Obstructing muscle 
was removed from the right ventricle and a trans-aortic left ventricular 
septal myotomy was performed. The postoperative course was not 
complicated, but the patient continued to have evidence of severe 
cardiac decompensation and was re-admitted to the hospital one and 
one-half months after surgery to be re-evaluated. A third cardiac cathe- 
terization revealed that the right ventricular gradient had been reduced 
to a level of 14 mm Hg, but the systolic gradient in the left 
ventricle remained at 100 mm Hg. His electrocardiogram demon- 
strated premature ventricular contractions and evidence of right bundle 
branch block. There was a vascular re-distribution with excessive 
blood flow to the upper lobes and persistent cardiomegaly was noted 
on his chest film. There was a progressive decrease in his exercise 
tolerance. A fourth cardiac catheterization was performed in 1975 (Fig. 
1) which revealed that the peak systolic right ventricular gradient 
was 15 mm Hg and that the left ventricular systolic gradient meas- 
ured 80 mm Hg. Profound cardiac hypertrophy was demorstrated 
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Fic. 1. Case 1. Left ventriculogram obtained between second and 
third operations. The configuration of the ventricle is typical for 
severe familial asymmetrical septal hypertrophy. Thickness of the 
myocardium is demonstrated by the large distance between coronary 
arteries and the ventricular cavity. An intracavitary gradient of 100 
mm Hg in systole was recorded. 


at this study with marked diminution in the size of the left ventricular 
cavity. No change in the left ventricular gradient could be demonstrated 
at the time of catheterization with a test dose of intravenously 
injected propranolol. Because of his continuing clinical deterioration, 
he was transferred to another institution in the hope of having a 
second left ventricular myotomy performed. At that institution, echo- 
cardiographic and electrocardiographic examinations of parental 
hearts demonstrated that the child’s father had evidence of asymmetrical 
septal hypertrophy. An examination of the muscle removed from the 
right ventricle revealed histological changes compatible with the 
diagnosis of asymmetrical septal hypertrophy. A cardiac exploration 
was performed, but it was felt that the size of the aorta was small 
and that the left ventricle which had been severely rotated posteriorly 
by the enlarged right ventricle made a myomectomy by either the 
trans-aortic or trans-ventricular approach impossible. The patient 
was returned to the St. Louis Children’s Hospital. In October of 
1975, because of increasing loss of exercise tolerance, frequent 
spells of near syncope and diaphoresis, and continuing severe con- 
gestive heart failure, a third operation was performed. Because of the 
massive cardiomegaly, exposure of the heart required an extension 
of the median sternotomy through the left seventh intercostal inter- 
space. With the child supported on a cardiopulmonary bypass, a 
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modified commercially available 20 mm Hancock prosthesis was in- 
serted into the left ventricular cavity through the left ventricular 
apex and sutured into position. The other end of this valve-bearing 
arterial prosthesis was led through a surgically created defect in the 
diaphragm, passed posterior to the stomach through the transverse 
mesocolon, and was sutured to the infra-renal aorta. The post- 
operative course was uncomplicated. A fifth cardiac catheterization 
was performed on the fourteenth postoperative day just prior to 
hospital discharge. At that study, a peak systolic gradient pressure 
of 35 mm Hg was measured between the aorta and the left ventricle. 
This pressure difference was interpreted as the consequence of 
catheter impingement, as there was no demonstrated obstruction to 
flow through the second and newly created left ventricular outflow 
tract. Left ventriculography demonstrated that the majority of left 
ventricular output exited through the apical-aortic shunt (Fig. 2). 
Flow through this route filled the aorta distally and in a retrograde 
fashion to the level of the left subclavian artery, a flow distribution 
which accounts for approximately two-thirds of left ventricular output. 
The child was discharged from the hospital with no medication. Since 
the time of his operation, he has demonstrated a progressive in- 
crease in exercise tolerance. 

Case 2. A 17-year-old girl was first seen at the St. Louis Children’s 
Hospital at the age of 7 months because of a loud systolic heart 
murmur. Right ventricular and left atrial enlargement were noted on the 
chest x-ray and a provisional diagnosis of interventricular septal 
defect or acyanotic type tetralogy of Fallot was made. The child 
remained acyanotic, but had a noticeable decrease in exercise tolerance 
and accentuation of the systolic murmur. At the age of four years, 


Fic. 2. Case 1. Left ventriculogram following the placement of an 
apical-aortic shunt. There is no longer any obstruction to left 
ventricular ejection. The metal cylinder projects into the left ventricular 
cavity to avoid obstruction at the apex. 
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Fic. 3. Case 2. Left ventriculogram obtained prior to surgery. 
Both subaortic and mid left ventricular obstructions are apparent. 


she was re-admitted to the hospital and a cardiac catheterization was 
performed which was erroneously interpreted as showing valvular 
pulmonic stenosis. Re-evaluation at the age of 13 included an ausculta- 
tory examination of the heart which suggested aortic stenosis and 
pulmonary stenosis. By the age of 17, she had severe complaints of 
exercise intolerance with dyspnea on exercise. Examination re- 
vealed left ventricular enlargement, prominent pulmonary vascular 
markings and electrocardiographic evidence of left ventricular hyper- 
trophy. A cardiac catheterization was performed (Fig. 3), and this 
demonstrated a series of gradients within the left ventricle. There was a 
gradient of 50 mm Hg across a demonstrable subaortic diaphrag- 
matic obstruction and an additional gradient of 80 mm Hg across a 
mid left ventricular obstruction, producing a total systolic gradient 
of 130 mm Hg between the body of the left ventricle and the aorta. 
In addition, a right ventricular gradient at the level of the infundi- 
bulum measured 50 mm during systole. Electrocardiograms in the post- 
catheterization period suggested a myocardial infarction and this was 
confirmed by a transient rise in the myocardial muscle creatinine 
phosphokinase and a positive myocardial scan performed with 
technitium pyrophosphate. An operation was performed approxi- 
mately one month following the catheterization. With the patient sup- 
ported on cardiopulmonary bypass, the left ventricular cavity was 
exposed through an aortotomy. The aortic valve was found to be 
bicuspid and showed commissural fusions. A commissurotomy of 
this bicuspid valve was performed. Beneath the valve, there was a 
well developed typical, subaortic, fibrous membrane most prominent 
along the ventricular septum, but extending onto the anterior leaflet 
of the mitral valve. This membrane was excised. Digital exploration 
of the left ventricular cavity then revealed a very severe stenosis at 
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the level of the mid left ventricle which could not, be well visualized, 
but which felt to be more fibrous than muscular. The intra-operative 
interpretation of these findings was that this represented a fibrous 
tunnel obstruction of the left ventricular outflow tract. The aortotomy 
was closed. The apex of the left ventricle was exposed. A circle of 
tissue was removed from the apex of the left ventricle and a specially 
modified 22 mm prosthesis bearing a glutaraldehyde-treated porcine 
aortic valve was interposed between the apex of the left ventricle and 
the infra-renal aorta. After inserting the rigid end of the prosthesis into 
the left ventricular cavity, the distal end was led through the 
diaphragm, passed posterior to the stomach, through the transverse 
mesocolon, and anastomosed to the infra-renal abdominal aorta. 
The interposition of the prosthesis in this case was similar to the 
first case except that the porcine valve was located above the diaphragm 
in the first case, and placed below the diaphragm in the second case. 
This change was instituted specifically to facilitate future replace- 
ment of the xenogeneic valve in case of future valve failure. Muscle 
resected from the apex of the left ventricle suggested the pattern 
seen with asymmetrical septal hypertrophy and suggests that this 
child also had that condition as the basis for her intra-ventricular ob- 
struction. An electrocardiogram in the postoperative period demon- 
strated Q waves in leads 2, 3, and AVF, but a myocardial scan 
performed with technetium pyrophosphate failed to confirm the presence 





Fic. 4. Case 2. 
tract (apical-aortic conduit). The porcine valve is in an intra-ab- 
dominal position. The left ventricle empties into the infra-renal aorta 
and provides retrograde flow to the level of the diaphragm. 


Appearance of the second left ventricular outflow 
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of an infarct. It was concluded that the abnormal electrocardio- 
graphic pattern was a consequence of the left ventricular apical re- 
section. The postoperative course was uncomplicated and a repeat 
cardiac catheterization was performed on the fourteenth postoperative 
day just prior to discharge (Fig. 4). A pull-back tracing from the infra- 


renal abdominal aorta through the prosthesis into the left ventricular 


cavity and out the aorta demonstrated an absence of any systolic pres- 
sure gradient. More remarkably, the gradient had also disappeared 
from the right side of the heart where there was no longer any 
septal impingement and normal pressures were recorded in the right 
ventricle. A left ventricular injection demonstrated that the newly 
created left ventricular outflow tract and dye filled the abdominal 
aorta to the level of the diaphragm. We estimated that the left 
ventricular-aortic conduit accounted for approximately 50% of left 
ventricular output. The patients has remained asymptomatic since 
discharge from the hospital. 


Method 
Modifying the Hancock Prosthesis (Fig. 5) 


Commercially available Hancock prostheses were 
used. This prosthesis consists of a polyester knitted 
arterial prosthesis into which a glutaraldehyde treated 
porcine aortic valve has been inserted. The prosthesis 
was designed for the creation of a new right ventricular 
outflow tract usable in those situations where there is a 
lack of continuity between the right ventricle and the 
pulmonary circulation. Left ventriculograms were studied 
preoperatively to measure the thickness of the left 
ventricular wall at the ventricular apex. Using these meas- 
urements, a thin cylinder of stainless steel was machined 
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so that its diameter equalled the internal diameter of 
the prosthesis and its height was 5 mm greater than the 
measured thickness of the left ventricular wall. A rec- 
tangle of flexible dacron cloth was then sutured together 
to form a cylinder. This cloth cylinder was made so 
that its length was slightly in excess of twice the height of 
the stainless steel cylinder. The stainless steel cylinder 
was placed over the cloth cylinder and the end of the 
cloth drawn down over the cylinder and sutured to 
itself. In this way, the stainless steel cylinder was covered 
on either side with polyester porous cloth. The cloth 
covered cylinder was sewn to the appropriate end of the 
Hancock prosthesis and as a final step, a strip of felt was 
used to cover this suture line forming a felt washer at the 
distal end of the cloth covered cylinder. The purpose of 
this washer was to facilitate fixation to the heart at the 
epicardial surface. 


Inserting the Prosthesis 


With the heart exposed through a median sternotomy 
and supported by a cardiopulmonary bypass, the apex of 
the left ventricle was elevated. A circular defect was 
created in the diaphragm just opposite the normal posi- 
tion of the left ventricular apex. A circular incision was 
made in the left ventricular apex slightly smaller than 
the rigid end of the prosthesis. An incision was made 
through to the left ventricular cavity so that a piece of 
left ventricular apex shaped as a truncated cone was 


Fic. 5. Artist's illustration 
of the technique for modi- 
fying a commercially avail- 
able valve bearing arterial 
prosthesis for use as an api- 
cal-aortic shunt. (1) A 
metal cylinder is drawn 
over a cloth cylinder. (2) 
The cloth is doubled over 
the metal cylinder and 
sewn to itself, thus en- 
closing the metal cylinder 
in porous polvester cloth. 
(3) The cloth covered 
cylinder is sewn to the 
prosthesis and a ring of felt 
is used to cover the junc- 
tion. 
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removed. The incision on the endocardial surface was 
kept purposely smaller to avoid any damage to the papil- 
lary muscle attachments. The rigid end of the prosthesis 
was then firmly forced into the incision so that the felt 
cuff butted against the epicardium, and it was then 
sutured into place with a series of mattress sutures rein- 
forced with teflon felt, drawn through the epicardium of 
the left ventricle, and through the felt washer on the 
prosthesis. The other end of the prosthesis was de- 
livered through the diaphragmatic defect, passed pos- 
terior to the stomach, and through the transverse meso- 
colon, and brought into approximation with the infra- 
renal aorta. An anastomosis between the beveled end of 
the prosthesis and the side of the infra-renal aorta 
was made. In the first case, the prosthesis had been cut 
so that the valve was situated above the diaphragm. In 
the second case, it was purposely placed within the ab- 
dominal cavity to facilitate later replacement of the pros- 
thetic valve. Consideration has been given to placing the 
prosthesis entirely in a retroperitoneal position, but 
this was not done in either case. Prior to completing the 
anastomosis between the aorta and the prosthesis, the 
prosthesis was allowed to fill with left ventricular blood 
and clamped within the abdomen. In both cases, the 
infra-renal abdominal aorta was exposed through a mid- 
line abdominal incision and was completed while the pa- 
tient was still being supported with a cardiopulmonary 
bypass. 


Discussion 


Recorded among the many experimental achievements 
of Alexis Carrel is an attempt to divert blood from the 
ascending aorta to the descending aorta, employing a 
bypass between the left ventricular cavity and the distal 
aorta. Carrel was searching for a technique which would 
permit a safe resection of the aortic arch without damage 
to the spinal cord. In 1910,’ he described his efforts 
employing paraffin rubber tubes and jugular vein to create 
bypasses from the left ventricular cavity to the de- 
scending aorta. In 1923, Jeger improved upon these ex- 
periments by inserting a valve bearing conduit and man- 
aged to keep alive, over a four-day period, an experi- 
mental animal fitted with such a device and challenged 
by a ligation of the ascending aorta. Bailey and his asso- 
ciates! in 1950, searching for a technique to treat aortic 
valve stenosis, described some unsuccessful experi- 
ments in which they created ventriculo-aortic shunts 
using canine aortic homografts. Hufnagel’? in 1951 de- 
scribed similar experiments. In 1954, Donovan and 
Sarnoff! described apical-aortic anastomoses used in 
acute animal experiments, and by 1955, Sarnoff?? and his 
co-workers were able to report on 7 long-term dog sur- 
vivors with valve bearing conduits inserted between the 
apex of the left ventricle and the aorta. The technique 
was applied clinically in the early 1960's by Templeton,?? 
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who inserted a rigid Hufnagel type prosthesis into five 
patients with aortic stenosis, interposing this prosthesis 
between the apex of the left ventricle and the thoracic _ 
aorta. One of these patients is said to have survived for a 
13-year period. No further effort with the technique has 
been reported until 1975 when Bernhard* inserted a rigid 
apical-aortic conduit into a 22-year-old man for the treat- 
ment of a hypoplastic aortic annulus. This prosthesis 
was manufactured from a stainless steel tube covered 
with flocked dacron fibrils. A porcine xenograft glu- 
taraldehyde-treated tissue valve was mounted into a 
polyester sleeve and interposed between the rigid con- 
duit which had been inserted into the left ventricle and 
the thoracic aorta. This effort was a direct outgrowth of 
Bernhard’s experience with the use of left ventricular 
assist devices which are designed to remove blood from 
the left ventricle and pump it into the descending 
thoracic or abdominal aorta. The device which he used 
was indeed a modification of the device used for left 
ventricular assistance. In September of 1975, following a 
symposium on idiopathic hypertrophic subaortic stenosis 
at the International Surgical Congress in Edinburgh, 
Scotland, Cooley® discussed a similar patient with a small 
aortic annulus in whom he had inserted by direct suture a 
commercially available Hancock prosthesis between the 
left ventricle and the supra-renal abdominal aorta. It 
was these remarks which led directly to the authors’ pres- 
ent reported effort. Cooley and Norman have re- 
cently reported this experience and similar success in 
three additional cases.!? The reported postoperative left 
ventriculogram of their initial case demonstrates a marked 
narrowing at the anastomosis between the graft and the 
left ventricular apex. 

A variety of successful operative techniques have been 
developed and successfully employed for the relief of 
left ventricular obstruction. These include plastic recon- 
struction of the aortic root for supra-valvular stenosis," 
commissurotomy for congenital valvular stenosis,” re- 
section of subvalvular membranes for the relief of sub- 
valvular aortic stenosis,” and finally, aortic valve replace- 
ment for the management of aortic stenosis not suitable 
for commissurotomy.?! Patients with an hypoplastic valve 
annulus have presented special problems since the size 
prosthesis which can readily be fitted into the subcoronary 
position provides for unacceptable obstruction to flow. 
In recent months, at least three different techniques! 
have been proposed and used for enlarging such a small 
aortic annulus and inserting an adult size prosthesis. 
Similarly, a number of operations have been proposed and 
successfully applied for the relief of intra-cavitary left 
ventricular obstruction, especially as it occurs in asym- 
metrical septal hypertrophy. These proposals include 
septal myotomy, trans-aortic resection of hypertrophied 
septum,'® transventricular resection of hypertrophied 
septum,” resection of the septum through the right 


322 


ventricle to permit a displacement of the hypertrophied 
septum, and replacement of the mitral valve with a 
low profile prosthesis. Two of these operations, namely, 
resection of the septum from the right side and myotomy 
through the aorta, failed to relieve the left ventricular 
obstruction in our first patient. In both of our patients, 
the obstruction within the left ventricle was regarded as 
unresectable. The technique of creating a second left 
ventricular outflow tract by the construction of a conduit 
between the left ventricular apex and the aorta is an old 
one, but has been facilitated greatly by the recent avail- 
ability of a flexible prosthesis bearing a dependable 
tissue valve. Our modification of this prosthesis for use in 
constructing a left ventricular outflow tract is based on the 
work of Brown who demonstrated that muscle bundles 
within the left ventricle will eventually occlude the orifice 
of a conduit which does not extend into the left 
ventricular cavity for a minimum of 5 mm beyond the 
endocardial surface. The choice of the infra-renal ab- 
dominal aorta as a site of entry into the arterial system 
was dictated in our first patient by abnormal anatomy. 
In that case, the left ventricular apex lay directly against 
the thoracic aorta making the interposition of any con- 
duit impossible. This site has the additional advantage, 
however, of improving the ease with which the pros- 
thesis can be inserted. The concept of placing the valve 
within the abdominal rather than the thoracic cavity 
was added in our second case because of a strong con- 
viction that no available prosthetic or tissue valve has any 
durability which approximates normal life expectancy. 
With the view that such a valve inserted into a child 
will require replacement in the future, it was felt that 
such a valve will be more readily accessible when 
situated in the abdominal cavity. This same reasoning 
suggests the possibility that apical-aortic shunting may 
have advantage over valve replacement into the sub- 
coronary position when prosthetic replacement of the 
aortic valve is required in young children. 

The creation of two left ventricular outflow tracts 
does, of course, create a permanent division of aortic 
blood flow. At the present time, there is insufficient 
experimental study of such a flow arrangement to 
determine whether or not it will have long term detri- 
mental effects. It is recognized, however, that the fetus 
both develops and survives with a division of aortic blood 
flow. 
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DISCUSSION 


Dr. WILLIAM F. BERNHARD [Boston, Massachusetts]: I agree with 
the authors on their use of a left ventricular aortic bypass for unusual 
left heart obstructive lesions. I also believe that the rigid apical sec- 
tion of the valve conduit is important, to prevent encroachment or 
narrowing of the apical lumen during ventricular systole, something 
which could occur is one used a shunt without a rigid apical insertion into 
the body of the left ventricle. 

I would like to ask the authors to comment again on the suitability 
of an unstented porcine valve in a Dacron graft for this general pur- 
pose, since the commercially available conduits were designed for 
reconstruction of the right ventricular outflow tract, and function in 
a low pressure environment. 

We have had an experience with two patients, one with difuse 
supravalvar aortic stenosis and annular hypoplasia, and a second with 
annular hypoplasia alone. I show this slide to indicate, first of all, 
the rigid apical portion of the composite prosthesis protruding through 
the apex into the body of the left ventricle, and the commercially 
available Hancock graft containing the xenograft tissue valve. This 
prosthesis is contained within the left thorax entirely, with the 
anastomosis to the aorta performed just above the left hemidiaphragm. 
We make a point of keeping the Xenograft valve as close to the aorta as 
possible, to prevent impingement on the graft and valve by the lower 
lobe of the left lung. 

This slide simply shows what Dr. Weldon demonstrated; that is, 
one-third of the cardiac output passes through the obstruction to the 
ascending aorta, and the remaining two-thirds exits through the xeno- 
graft portion of the conduit into the descending aorta. Again, here's 
the level of the xenograft valve in relation to the aorta. This is the 
position of the apical inflow tube, inserted through the apex into the 
body of the left ventricle. 

In our first patient, operated upon in May, 1974, a blowing apical 
diastolic murmur became audible 18 months following operation, and 
has remained unchanged for the past 5 months. His pulse pressure is 
normal, and he remains clinically well, but the murmur of xenograft 
valve insufficiency is present without, (as I showed you) any encroach- 
ment upon the outflow conduit by the lower lobe of the lung. 

I.would appreciate comments from Dr. Weldon on the suitability 
of the unstented Hancock graft for the purpose, and I might suggest 
that it is possible to develop an external support for a tissue 
valve in this location. There is ample room in the chest for a flexible 
stent, which would provide support for the commissures and prevent 
development of xenograft valve regurgitation. 


Dr. JouN C. Norman (Houston, Texas): We all agree that opera- 
tions for supravalvular, valvular, and subvalvular stenoses are fre- 
quently complicated by aortic insufficiency, subsequent recurrence, or 
aortic valve prosthesis malfunction. Without surgery, increasing left 
ventricular: pressures, myocardial hypertrophy, congestive failure, 
and sudden death are common. 

In the last year or so, following an extended series of bovine experi- 
ments lasting in excess of 20,000 hours in approximately 200 calves, 
we have created double-outlet left ventricles in 9 patients. Nearly all of 
these patients had been operated on previously for combined supra- 
valvular, valvular, of subvalvular aortic stenosis, or idiopathic hyper- 
trophic subaortic stenosis. Following creation of double-outlet left 
ventricles, all left ventricular-ascending aortic gradients were markedly 
reduced, and the deranged left ventricular physiologic indices returned 

toward normalcy. None of these patients is now receiving Coumadin, 
and none has exhibited any deleterious effects from the fractiona- 
tion of the left ventricular output, cephalad and caudad. 

Our current prosthesis is a composite, consisting of a special LTI 
pyrolytic carbon, rigid inlet tube available in sizes between 12-mm 
and 20-mm internal diameter, with a left ventricular apical sewing 
rng of Teflon, and a low-porosity graft extension anastomosed 
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beneath the diaphragm to a Hancock prosthesis-of appropriate size, 
which in turn is anastomosed to the supraceliac abdominal aorta. 

The results in the first 7 patients are summarized here. The ages 
range from 10 (a Jehovah's Witness) to age 72. The mean age 1s in the 
range of 30 years. The peak left ventricular pressures preoperatively 
were: 250 mmHg, 225, 200, 250, 140, 220, and 240. The left 
ventricular ascending aortic gradients were: 120 mmHg, 105, 100, 130, 
80, 80, and 100, with mean gradients across the left ventricular 
outflow tract of 102 + 19 mmHg. 

Following operation, the peak left ventricular systolic pressures, 
previously 218 mmHg, are in the normal range of 125 + 13 mmHg. The 
LV-Ao gradients, previously 102 mmHg + 19, are now at 13+9 
mmHg. 

Our data differ somewhat from Dr. Weldon's and perhaps Dr. 
Bernhard's. In evaluating the effects of these procedures, postopera- 
tively, we have used velocity-tipped catheter probes during cardiac 
catheterization to quantitate the fraction of antegrade flow and retro- 
grade flow through the composite conduits. 

As indicated here, about 63 + 6% of the flow is antegrade; the 
composite conduits are assuming approximately 37 + 6% of the left 
ventricular output. 

We would agree with the essayists that it is important to place the 
Hancock valve beneath the diaphragm; sooner or later, these valves 
should fail. We believe that it will be much easier to go back in and 
change the valve in the abdomen and avoid thoracic re-entry. 

We differ with Dr. Bernhard somewhat. In examining a series of 
left ventricular apices in situ with these procedures in mind, we 
have found that the orientation of the apex varied from patient to 
patient and many times rested on the diaphragm. In some of our 
partial artificial heart (ALVAD) clinical trials, which we have also 
begun during the past year, we have found that it is difficult to 
achieve good cardiac hemodynamics if the left ventricular apex is 
dislocated by the prosthesis angulating toward the thoracic aorta. 
As one would expect, the left ventricle functions best when its 
apex is returned to its anatomic position. 

For these reasons, we have gone through the diaphragm, and 
positioned our valve beneath the diaphragm in the abdomen, with 
anastomosis of the Hancock prosthesis to the supraceliac abdominal 
aorta. 

The procedure is simple, reproducible, effective, and has much to 
recommend, In certain instances, this approach may have advantages 
over conventional primary aortic valvotomy in infants or valve replace- 
ment in adults. An expanded summary of our experience thus far will 
appear in the Transactions of the American Society for Artificial 
Internal Organs in the next month or so. 


Dr. CLARENCE S. WELDON (Closing discussion): In regard to the 
design of the prosthesis, I’m quite sure it's not perfected. Having a 
rigid end to the prosthesis so that it can be inserted directly into 
the body of the ventricle, I think, is on a very solid experimental 
basis. Dr. Brown, at the NIH, has shown that if the conduit does 
not project into the left ventricular cavity, the contracting left ventricular 
myocardium will close the ostium of the conduit. I think, therefore, 
that it is a very important aspect of the design. 

I am less sure about the valve. The valve in a Hancock prosthesis 
is not well supported. It perhaps should be better supported. I do 
think that inserting the prosthesis between the apex of the left 
ventricle and the infra-renal abdominal aorta creates a straight course 
which has some advantage. Actually, the prosthesis can be put in a 
completely retroperitoneal position. The straight course eliminates some 
of the problems which have occurred with flexion of the prosthesis, 
as it curves around to reach the thoracic aorta or the supra-renal 
abdominal aorta. 

Ir anybody in the audience missed my acknowledgment of our debt 
to Drs. Bernhard, Cooley and Norman, I'd like to re-emphasize it. 
We, as always, stand in awe of how quickly Dr. Cooley can amass 
a sizeable clinical trial. 


Long-term Survival After Resection for 


Bronchogenic Carcinoma 
DONALD L. PAULSON, M.D.* JOAN S. REISCH, PH.D.T 


Of 915 resections for bronchogenic carcinoma over a 25-year 
period (1945—1969), 249 patients survived over 5 years; 127 
of the patients eligible survived over 10 years, 61 over 15 vears, 
and 22 over 20 years. The case material was divided into three 
time periods: 1945—49, 1950—59 and 1960—69, as well as by 
extent of resection. Lobectomy became the operation of choice, 
pneumonectomy being reserved for the more extensive lesions. 
Observed survival rates at 5, 10 and 15 years for 561 patients 
in the lobectomy series were 35, 22 and 15%, respectively, 
but strikingly increased to 41, 28 and 19% in the 1960—69 period. 
Observed rates for 354 patients having pneumonectomies were 
similar for three time periods, being 16, 8 and 6% at 5, 10 
and 15 years, respectively. Relative survival rates for the lobec- 
tomy series at 5, 10 and 15 years rose from 33, 28 and 26%, 
respectively, in the 1950—59 period to 50, 39 and 35% in the 
last time period, becoming a near horizontal curve segment after 
5 years. Dominant factors in survival were extent of the lesion 
and stage of nodal involvement, histologic type and location 
being less significant. 


T RESULTS of 915 resections for bronchogenic 
carcinoma during a 25-year period (1945—1969) in 
a private practice of thoracic surgery provides an oppor- 
tunity for a review of the efficacy of operation on a 
long-term basis. Through 1975, 249 patients (27%) sur- 
vived over 5 years after resection, 127 (16%) of the pa- 
tients eligible survived over 10 years; and 61 (11%) over 15 
years. Twenty-two patients have survived over 20 
years, two for 26 and one for 27 years. Very nearly 
complete followup information was obtained pro- 
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gressively, and the dates and causes of death recorded, 
with the exception of four patients lost to followup after 
10 years. Observed and relative survival rates, or the 
observed rate adjusted for normal life expectancy, 
were calculated at 5, 10 and 15 years after resection. 

Resection, when applicable, is the generally accepted 
treatment of choice for bronchogenic carcinoma. There is 
evidence that resections done in the early localized 
stages of cancer of the lung do actually prolong life 
and improve physical and mental comfort. In later stages, 
there is less opportunity for good results, simply 
due to greater extent of the disease. It must be admitted, 
however, that not all resections are beneficial and that 
prolonged survival depends mainly on the natural history 
of the lesion, its extent and stage of involvement at the 
time of diagnosis. 

Selection of patients for operation is the basis of surgical 
treatment for bronchogenic carcinoma in order to avoid 
unwarranted, injudicious exploratory thoracotomy and 
resection, both of which carry significant operative risks 
without benefit to the patient's survival. As previously 
reported, the basis of surgical treatment has changed, 
with more complete pretreatment evaluation, resulting in 
improved resection rates and survival figures, as well as 
low surgical mortality and increased surgical salvage at 
5 years.? 


Materials and Methods 


The case material for study is from a total series of 
2393 patients with bronchogenic carcinoma seen in a 
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25-year period, 1945-1969 (Table 1). Operations were 
done for 1156 patients (48%), and 1237 patients (52%) were 
considered inoperable. Of the patients operated upon, 
915 resections (79%) and 241 standard exploratory 
thoracotomies (21%) were done. 

The series of 915 resections was divided into three 
time periods for purposes of statistical analysis: 1945-49, 
1950-59 and 1960-69, as well as by extent of resection. 
During these three time periods, the indications for 
resection progressively changed, based upon more objec- 
tive clinical evidence of resectability with benefit to sur- 
vival. The resection rates of those patients operated upon 
increased as a result, from 61% for 1945—49 to 7596 in 
the period 1950—59 and 90% in the period 1960—69. 
Surgical mortality remained the same. Published results 
of operation for bronchogenic carcinoma tend to be 
better and the resection rate higher in more recent time 
periods, including those from the same institution, 
indicating a higher degree of selection for operation.” 


Statistical Analysis 


There were 792 males in the series and 123 females, 
a ratio of about 6:1. Ages ranged from 28 to 80, and 
predominated in the 55 to 64 age group for both men 
and women, 6396 being over age 55 (Table 2). Race 
was not considered, since very few patients were Non- 
Caucasian. 

Observed survival rates for up to 15 years were cal- 
culated directly for the patients undergoing resections in 
the 1945—49 and 1950—59 time periods, including opera- 
tive mortalities. To include all cases, survival rates for 
those resected during the 1960—69 period were calculated 
by the actuarial or life-table method described by 
Armitage.! 

Relative survival rates, or the ratio of the observed 
survival rates to the expected rates for groups of people 
similar to the patient groups with respect to sex, age 
and calendar period of observation, were calculated at 5, 
10 and 15 years for each of the three time periods. 
Expected survival rates were determined according to the 
approximate methods of Ederer, Axtell and Cutler.* 
Patients in the series were divided by sex into age 
groups, one under 55 years and the other 55 years and 
over. Average ages were found for each of the four 
sex-age groups, separated by extent of resection for the 
three time periods. An average of the four rates for 
each time period was determined by weighting each age- 
sex rate in proportion to the distribution by age and sex 
at the time of resection. The central points chosen for 
each time period were 1945, 1955 and 1965. The year 
1945 was selected as the midpoint for the period 1945—49. 
survival rates for 1950, 1960 and 1970 were obtained 
from the National Office of Vital Statistics Abridged 
Life Tables. Rates for 1955 were taken from the inter- 
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TABLE |. Distribution of 2,393 Patients 1945—1969 





Patients 
Number Per cent ' 
Operable 1,156 48 
Resection 915 79 
Exploration 241 2] 
Inoperable 1,237 52 
Total 2,393 100 





polation of the Metropolitan Life Insurance Company, 
published by Ederer, Axtell and Cutler.4 The 1965 
rates were interpolated from the 1960 and 1970 informa- 
tion. For 1975, 1970 rates were used. 


Results 
Characteristics of Patients 


The percentage of lobectomies increased from 28% in 
the 1945—49 period to 57% in the fifties and 74% in the 
sixties. In the entire series, 561 patients (61%) had 
lobectomies (including 68 segmental resections) and 354 
patients (39%) had pneumonectomies. The overall surgical 
mortality for all resections was 6%, for lobectomy 4% 
and pneumonectomy 9%. 

In the interest of the quality of survival, lobectomy, 
when applicable, has been considered the operation of 
choice for both peripheral and central lesions, depending 
on the location, stage and extent of involvement and 
objective evidence of benefit to survival. Pheumonectomy 
has been reserved for the more extensive lesions, with 


TABLE 2. Age Groups and Sex by Extent of Resection in Three Periods 


Pneumo- 
Lobectomies nectomies 
Period Age Groups Male Female Male Female 
1945—49 35—44 3 0 2 1 
45—54 8 3 30 0 
55—64 6 l 19 | 
65—74 4 l 13 I 
754 0 0 0 0 
Subtotal 21 5 64 3 
1950-59 35—44 14 9 15 4 
45-54 51 6 60 3 
55-64 94 14 64 8 
65-74 38 10 22 4 
75+ 6 0 3 0 
Subtotal 203 39 164 19 
[960-69 35—44 16 6 Fi 1 
45-54 60 12 26 4 
55-64 95 15 43 1 
65-74 62 13 19 0 
75+ 10 4 2 i 
Subtotal 243 , 50 97 7 
Grand total 467 94 325 29 
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TABLE 3. Extent of Resection and Stage of Nodal Involverrent 








Lobectomies Pneumonectomies 
Stage No. % No. %o 
NO 400 71 163 46 
v5. m» a? — am — x]* 
Total 561 100 354 100 





nodal involvement. Seventy-five per cent of the lobec- 
tomies were done for peripheral lesions and 2596 in a 
central location. The reverse was true for the pneumonec- 
tomy series, 77% being done for central lesions and 
23% for peripheral tumors. Nodal involvement was found 
in 39% of all resections, 29% of the cases resected 
by lobectomy, and in 54% of the pneumonectomies. 
No nodal involvement was recorded in 71% of the lesions 
resected by lobectomy, and 46% of the pneumonectomies 
(Table 3). 

: Regional lymph node metastases were divided into 
those cases with no lymph node involvement (N0); 
those with evidence of metastases in intersegmental 
or interlobar regions or hilar nodes (N1 and 2); and tnose 
with evidence of metastases in the mediastinal nodes 
(N3). The stages of nodal involvement were comparable 
for two 10-year time periods, with the exception of 7% 
more stage 0 lesions in the latter period (Table 4). Twenty- 
four and 23% were stage 3 lesions in the two zime 
periods. 


Survival Data 


Observed survival rates at 5, 10 and 15 years for the 
series of patients having lobectomies were 35, 22 and 15%, 
respectively, and 16, 8 and 6% for those having 
pneumonectomies (Table 5). Divided into three time 
periods, actual 5-year survival rates in the lobectomy 
series strikingly increased from 19% in the period 1945—49 
to 29% in the 1950-59 series and 41% for 1960-69. 
Ten and 15-year rates for the last time period were 28 
and 19%, respectively. The observed rates for patients 
undergoing pneumonectomies were similar for the three 
time periods, being in the range of 15% at 5 years, 8% 
at 10 and 6% at 15 years. 


TABLE 4. Distribution by Stage of Nodal Involvement 
for Two Ten-Year Periods 


1950—59 1960—€9 
Stage No. % No. % 
NO 242 57 253 64 
N 1-2 80 19 54 13 
N 3 103 24 90 23 
Total 425 100 397 100 
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Relative survival rates for the lobectomy cases at 5 
and 10 years in the three time periods reveal progressive 
increases, respectively, from 22 and 15% for 1945—49 
to 33 and 28% for 1950—59 and 50 and 39% for 1960—69. 
At 15 years the relative survival rates for lobectomies 
were 18, 26 and 35%, respectively, for the three periods. 
Presented on a logarithmic scale against survival time at 
5, 10 and 15 years (Fig. 1), the relative survival curves 
for the lobectomy patients level off from the fifth vear 
on through the tenth to fifteenth year, becoming a near 
horizontal curve segment, indicating the period for excess 
mortality due to cancer is no longer operative as it was 
in the first five years. 

Relative survival rates for patients undergoing penu- 
monectomy were similar for the three time frames, 
being 1796 at 5 years, in the range of 9 to 1296 at 
10 years and 10 to 13% at 15 years. 


Factors Affecting Survival 


The extent of the lesion, stage of nodal involvement, 
location and histologic type are all interrelated factors 
affecting survival following resection for bronchogenic 
carcinoma. The dominant factors appear to be the extent 
of the disease and the stage of nodal involvement at 
the time of diagnosis. 

The affect of the extent of the lesion is reflected in 
the survival rates presented in Table 5 for the lobectomy 
and pneumonectomy series, pneumonectomy being re- 
served for the more extensive lesion with nodal involve- 
ment in general and lobectomy for the lesser involved 
more localized lesion. 

Nodal Involvement. Observed survival rates by stage 
of nodal involvement for the second of two time periods 
(1950—59 and 1960—69) were strikingly improved for 


TABLE 5. Actual Survival Rates by Extent of 
Resection for Three Time Periods 


Lobectomies 
5 Years 10 Years 15 Years 
Period No. 96 No. 9b No. 96 
1945-49 3 19.2 3 11.5 3 11.5 
1950—59 69 28.6 49 20.3 35 14.5 
1960-69 120 41.0 50 28.0 7 19.3 
Total 194 34.5 102 22.0 45 14.8 
Pneumonectomies 
5 Years 10 Years 15 Years 
Period No. % No. o6 No. 96 - 
1945—49 10 14.9 6 9.0 5 7.5 
1950—59 28 15.3 15 8.2 11 6.0 
1960-69 17 16.3 4 6.8 0 0 
Total 55 15.5 25 7.3 16 3.9 
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CBSERVED SURVIVAL RATES BY TIME PERIOD 


Fic. 1. Observed and rela- 
tive survival rates for the 
lobectomy series in three 
time frames plotted on a 
logarithmic scale against 
survival time at 5, 10 and 15 
years. Per cent survival is 
indicated on the charted 
curves. 20 
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stage 0 lesions from 31 and 21% at 5 and 10 years to 
45 and 3396, respectively, in the latter time frame. For 
those with hilar node involvement (stage 1—2), survival 
rates for these time periods were 22 and 13% at 5 and 10 
years for the earlier period and 30 and 1146, respectively, 
for the 1960—69 period. Patients with mediastinal node 
involvement (stage 3) had markedly decreased survival 
rates for both periods, being 6 to 8% at 5 years and 3% at 10 
years (Fig. 2). | 

Thirty-three patients with hilar nodes survived 5 years, 
15 for 10 years and 8 over 15 years. Only 13 patients 
with mediastinal nodal involvement survived 5 years, 3 for 
10 years and 2 over 15 years. 


SURVIVAL BY STAGE OF DISEASE 
(1950 - 1959) 





Fic. 2. Observed survival 
rates by stage of nodal in- 
volvement for two 10-year 
time periods plotted on a 
logarithmic scale against 
survival time up to 10 
years. Note low survival 
rates of 6 and 8% at 5 years 
and 3% at 10 years for stage 
3 (mediastinal nodal in- 
volvement). 
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RELATIVE SURVIVAL RATES BY TIME PERIOD 
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Location was classified as either central or peripheral, 
the point of division of the segmental bronchi being the 
boundary between these two categories. A tumor site 
somewhere proximal to this division point is defined as 
central. ' Tumors in this location are usually in the hilar 
region of a lung, lobe or segment, frequently produc- 
ing stenosis or obstruction of the bronchus, and usually 
are visible by bronchoscopic examination. A tumor with 
a site of origin distal to the point of division of the seg- 
mental bronchi was classified as peripheral. This classi- 
fication included lesions in the lung presenting as a well- 
demarcated nodule, often close to the visceral pleura, 
but also deep in the parenchyma or hilar region, or 


SURVIVAL BY STAGE OF DISEASE 


(1960 - 1969) 
45 
mn 
; "$2. (33) 
STAGE 1-2 
(11) 
(3) 
2 
8 10 Ó 2 4 6 8 10 


TIME (YEARS) 


328 


TABLE 6. Distribution by Location and Stage of Nodal Involvement 


Central Peripheral 
Stage No, % No. % 
N 0 219 53 344 68 
N 1-2 74 18 59 12 
N 3 120 29 99 20 
Total 413 100 502 100 


extending through the pleura to the chest wall, diaphragm 
or mediastinum, or secondarily invading a central 
bronchus. | 

In this series, 413 lesions were classified as central 
and 502 as peripheral. Pneumonectomies were done for 
66% of the central lesions and 16% of the peripherally 
located tumors. In contrast, lobectomies were done for 
34% of the central lesions and 84% of those in a peripheral 
location. Forty-seven per cent of the central lesions had 
nodes involved, 29% mediastinal. Peripherally located 
lesions differed in that fewer cases, 3296, were found to 
have nodes involved, 2096 mediastinal (Table 6). Ninety- 
one per cent of the peripheral lesions without nodal 
involvement were resected by lobectomy. Pneumonec- 
tomies were done for 60% of the centrally located 
lesions without nodal involvement, and 7826 of those with 
mediastinal nodes involved (N3). 

There is no significant difference in survival rates at 
5 or 10 years, however, for patients with central or 
peripheral lesions, either in the total series of resec- 
tions or those done in the time period 1960—69 (Fig. 3). 
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Fic. 3. Actual survival rates computed by the actuarial method for 
location and extent of resection (1960-69) plotted on a logarithmic 
scale against survival time up to 15 years. 


PAULSON AND REISCH 


Ann. Surg. e September 1976 


In patients with no nodes involved and having lobec- 
tomies, survival rates at 5 years were 45% for those with 
central lesions and 42% for those with peripherally - 
located lesions. For those having pneumonectomies, 
the rates were 21% for central lesions and 16% for the 
peripheral location. The survival rates by location were 
similar for those patients with nodal involvement as well. 


Histologic Types 


Epidermoid carcinomas predominated, constituting 
61% of the series; adenocarcinoma and large cell 
carcinoma each 12%; and bronchioalveolar and small cell 
undifferentiated carcinomas each 5%. The influence of 
cell type on long-term survival, examined separately, 
reveals similar survival rates for epidermoid, adeno- 
carcinoma and large cell undifferentiated carcinomas, 
but significantly differing survival rates for bronchio- 
alveolar and small cell undifferentiated carcinomas (Table 
7). Twenty-one of 48 patients (48%) having bronchio- 
alveolar carcinomas survived 5 years, 8 (27%) for 10 
years and 3 (21%) for 15 years. 

None of the 45 patients undergoing resections for small 
cell undifferentiated carcinomas survived 5 years. For- 
merly, three patients classified as having this cell type 
survived 5 years, but on recent review, these have 
been diagnosed as atypical carcinoid tumors.!? 


Causes of Death 


Causes of death for 127 patients who died after 5, 10 
and 15 years were determined, in so far as possible, 
through personal knowledge, physician’s reports, autopsy 
or death certificates. Deaths occuring before 5 years 
were mainly due to metastases from the original lesion. 
From 5 through 10 years, 23 patients died of metastases 
from the original lesion, but second primary carcinomas 
of the lung accounted for deaths of 7 patients. Causes 
of death other than lung cancer in this period were other 
cancers in 5, cardiovascular disease in 19, pulmonary 
disease in 10 and miscellaneous diseases in 3 patients. 
Causes of death could not be definitely determined in 
10 patients (Table 8). 

After 10 years, 9 of 50 patients (18%) died of lung 
cancer, and of these, onlv 2 died of metastases from 
the original lesion. A second primary carcinoma of the 
lung caused the death of 14 patients, one of whom, 
at age 78, died of a second undifferentiated carcinoma 
of the right lung 25 years after undergoing a left lower 
lobectomy for an epidermoid carcinoma. A second patient 
died at age 71 of a small cell undifferentiated carci- 
noma of the left lung 15 years after a right upper 
lobectomy with a sleeve resection of the right main 
bronchus for an epidermoid carcinoma. The death of the 
third patient, age 71, after 15 years survival following 
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resection of the original epidermoid carcinoma, was 
due to an undifferentiated carcinoma of the lung. 

Division by age groups at the time of death re- 
veals competing causes to predominate over deaths due 
to lung cancer in at least a 2:1 ratio for those over the 
age of 55. Cancer deaths ranged among 30% in the 55-64 
age group, 28% for the 65 to 74 group and 26% over 
age 75. 


Discussion 


Several factors were studied for their effect on sur- 
vival in a review of the results of 915 resections for 
bronchogenic carcinoma over a 25-year period. Ob- 
served and relative survival rates were strongly affected 
by the extent of the resection and the stage of nodal 
involvement. Location of the lesion and histologic type 
were less important factors. 

The concept of selectivity for operation, based on com- 
plete pretreatment evaluation of the patient, has resulted 
in improved resection rates and survival figures, with a 
low surgical mortality and increased surgical salvage in 
the long term. Resection rates improved from 61 to 90% 
and the percentage of lobectomies from 28% to 74%. 
Increased resection rates, with increased proportions 
of lobectomies, lessen the overall mortality risks of opera- 
tion and improve the quality of survival with greater 
physical and mental comfort to the patient. 

Ihe extent of the lesion is reflected in the extent 
of resection necessary for its removal. Selected, extended 
resections are justified, but only on the basis of pre- 
treatment evaluation for the stage of nodal involvement. 
The greater the extent of the lesion, the higher is the 
incidence of positive mediastinal nodes.9? No patients 


' requiring extended resections for lesions with mediastinal 


nodes involved survive much over a year, and the opera- 
tive mortality exceeds surgical salvage.? Pretreatment in- 
vestigation of nodal involvement provides information 
regarding operability, and also the extent of the resec- 
tion necessary. 

The data regarding nodal involvement provides im- 
portant correlative information for survival, and empha- 
sizes the concept of selection of patients for operation. 
The stage, the location and type of nodal involvement 
are all important considerations in survival.?^*9 Without 
exception, in reported series in which there is docu- 
mented invasion of mediastinal nodes, 5-year survival 
rates are less than 10%.”?84! Unfortunately confusion 
still exists, both as to the significance of localization and 
the extent of invasion of the lymph nodes. Bergh and 
Schersten? and Larsson? have distinguished between ip- 
silateral and contralateral spread and perinodal and intra- 
nodal involvement. Perinodal involvement was found to 
be predominant in all of the histologic types. Intranodal 
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TABLE 7. Survivors by Cell Type (1945-1969) `- 


5 Years 10 Years 15 Years 
Number ——— —M 
Cell Type Patients No. % No. % No. % 
Epidermoid 562 153 27 87 17 4l I] 
Adenocarcinoma 113 23 20 14 14 8 9 
Large cell 
undifferentiated 111 40 36 10 13 3 8 
Bronchioalveolar 48 21 48 8 27 3 21 
Small cell 
undifferentiated 43 0 0 0 
Other 36 12 8 6 
Total 915 249 27 127 16 61 11 


metastases were found in only 15% of the patients. 
No patient with perinodal involvement was alive two 
years after resection. Survival at three years for those with 
ipsilateral intranodal growth was better than 50% in a 
small group of patients. 

There is also a highly significant association between 
histologic type and mediastinal node metastases. In 
both small cell undifferentiated and adenocarcinoma, a 
much higher percentage of mediastinal node involvement 
was found than in epidermoid carcinomas, providing 
important information regarding both diagnosis of histo- 
logic type and operability. 

Carlens? has suggested, on the basis of these findings 
regarding the stage, location and extent of nodal involve- 
ment, that those patients with contralateral spread or peri- 
nodal extent be excluded from operation. Among patients 
with invaded mediastinal nodes, there will remain 12% 
located ipsilaterally, with intranodal involvement only. 
Taking into account the surgical mortality of resection 
for these lesions, a figure results which corresponds 
well with the survival figures for stage 3 lesions. 

The improved survival rates in the 1960—69 time frame 
over the 1950—59 period can be explained on the basis of 
both prereferral and postreferral selection. In the latter 


TABLE 8. Causes of Death in Patients Surviving Over Five Years 


Cause 5-1Oyr 10-15 yr Over I5 yr 
Metastases from 1° carcinoma 23 2 0 
Second 1° carcinoma lung 7 4 3 
Subtotal’ 30 6 3 
Other cancer 5 7 0 
Cardiovascular 19 15 7 
Pulmonary 10 l 2 
Miscellaneous 3 0 D 
Unknown 10 6 3 
Total TT 35 15 
Age Groups at Death 

<55 55—64 65—74 >75 

Lung cancer 5 12 16 6 
Other causes 3 28 40 17 
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period, 64% were found to have no nodal invasion, 
compared to 57% in the earlier time frame. Whereas 
43% of the lesions were central lesions in the period 
1950-59, only 28% were so located in the latter period, 
and the percentage of lobectomies for centrally located 
lesions increased from 35 to 6596, suggesting lesions of 
lesser extent in the 1960—69 time period. For stage 0 
lesions, 5-year survival rates for the lobectomy series 
were the same for central and peripheral lesions, being 
in the range of 40—4596. For the same stage, but of such 
extent as to require a pneumonectomy, 5-year rates 
were 16-21%. Larsson found in his series that 73% of the 
peripheral lesions were confined to one lobe and 26% 
asymptomatic, in contrast to central lesions, 55% of 
which had extended beyond the confines of a lobe of 
the lung at the time of diagnosis.’ 

Although there are individual differences in natural 
history, histologic type 1s significant in relation to survival 
only with respect to the undifferentiated small cell car- 
cinomas and in relation to nodal involvement. No sig- 
nificant differences have been found in survival at 5 years 
between squamous cell, adenocarcinomas or other un- 
differentiated carcinomas in patients with negative lymph 
nodes." 

The efficacy of resection for bronchogenic carcinoma 
improves with selection and may be judged on a long- 
term basis by calculation of relative survival rates. The 
slopes of these curves, presented on a semi-log plot, 
suggest that after 5 years, they level off, assuming a 
near horizontal curve segment. Causes of death indi- 
cate that from 5 to 10 years, only 23 of 77 patients 
(30%) died of metastases from the original lesion. 
After 10 years, 41 of 50 patients (82%) died of competing 
risks other than lung cancer. 


Conclusions 


Observed survival rates at 5, 10 and 15 years in a series 
of 561 lobectomies for bronchogenic carcinoma over a 
25-year period were 35, 22 and 15%, respectively, but 
strikingly increased to 41, 28 and 19% in the 1960-69 
period. Observed rates for the series of 354 pneu- 
monectomies were similar for three time periods, being 
16, 8 and 6 per cent at 5, 10 and 15 years, respectively. 

Relative survival rates for the lobectomy series at 5, 
10, and 15 years rose from 33, 28 and 26%, respectively, 
in the 1950-59 period to 50, 39 and 35% in the last time 
period. Relative survival curves for the lobectomy 
patients level off from the fifth year on through the 
tenth and fifteenth year, becoming a near horizontal 
curve segment, indicating the period of excess mortality 
due to cancer is no longer operative as it was in the first 
five years. Relative survival rates for patients having 
pneumonectomies were similar for three time frames, 
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being 17% at 5 years, from 9 to 12% at 10 years and 
10 to 1326 at 15 years. 

Dominant factors in survival appear to be the extent 
of the disease, reflected in the extent of resection neces- 
sary, and the stage of nodal involvement. Observed 
survival rates by stage of nodal involvement for the 
second of two time periods (1950—59 and 1960—69) 
were strikingly improved for stage 0 lesions from 31 
and 21% at 5 and 10 years to 45 and 33%, respectively, 
in the latter time period. For patients with hilar nodes 
involved, survival rates for those time periods were simi- 
larly improved from 22 to 30% at 5 years. Patients with 
mediastinal node involvement (stage 3) had markedly 
decreased survival rates for both periods, being 6 to 8% at 
5 years and 3% at 10 years. The data regarding nodal 
involvement provide important correlative information 
for survival, and emphasizes the concept of selection of 
patients for operation. 

For stage 0 lesions, 5-year survival rates for the lobec- 
tomy series were the same for central and peripheral 
lesions, being in the range of 40-45%, but for those of 
such extent as to require pneumonectomy, 5-year rates 
were 16-21%. 

Although individual differences in natural history are 
recognized, histologic type is significant in relation to 
survival only with respect to the small cell undifferenti- 
ated carcinomas and in relation to nodal involvement. 

Causes of death indicate that from 5 to 10 years, only 
23 of 77 patients (30 per cent) died of metastases from 
the original lesion and after 10 years, 41 of 50 patients 
(82%) died of competing risks other than lung cancer. 
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DISCUSSION 


DR. A. P. NAEF (Lausanne, Switzerland): I was very impressed 
with Dr. Paulson's excellent results and his, as always, masterfully 
presented analysis. I would like to present our modest experience from 
a slightly different point of view. 

This slide shows our early mortality in a series of 435 resections 
for bronchogenic carcinoma (pneumonectomy 8.2%, lobectomy 2.5%, 
segmentectomy 2.3% sleeve-resection 3.4%). While operative 
mortality definitely is related to the type of resection, long-term 
survival depends as much on the correlation between host-resistance 
and tumor-growth potential as on the surgeon’s intervention. 

We have been interested in the evaluation of function sparing 
resections, in order to influence not so much the length, but the 
quality of survival. There is a strong hint that most lung cancer 
patients at the time of diagnosis or operation have already passed from 
a preclinical phase to a stage of a more or less pronounced 
systemic dissemination. Whether or not this dissemination is dis- 
covered depends on our still insufficient and crude diagnostic methods. 
Consequently, ‘‘curative’’ resection may often be an illusion anyhow. 
On the other hand, it 1s conceivable that so-called maximum tumor 
reduction by "palliative" or '"incomplete'" resection enhances host- 
resistance. 

(Slide) Analyzing our 73 economic, segmental, and bronchial re- 
sections, we have been able to confirm that quality of survival is 
certainly improved by resection, whatever the criteria of selection. As 
to long term survival, it seems that patients with a well-localized 
radically resected tumor have a very good, almost 50%, chance of 
"cure", as demonstrated by our results in 20 such economic resections 
"for cure". However, even the series of far-advanced carcinoma 
patients occassionally yield a surprisingly good result, as Dr. Paulson's 
survivors with positive mediastinal nodes have also shown. In addition, 
many more patients have a worthwhile, even if only limited survival. 

Confronted with the essentially unpredictable results, we believe in 
liberal selection, in order to give every possible patient a chance to 
fight his potentially disseminated carcinoma, once the local growth is 
removed. In these cases conservative resectional procedures probably 
should be combined with adjuvant therapy to keep the disseminated 
carcinoma disease in check. 

Again let me tell you how much I enjoyed Dr. Paulson's paper, and 
the meeting as a whole. Thank you very much. (Applause). 


Dr. Davila (Detroit, Michigan): I would like to draw attention to 
another aspect, perhaps somewhat along the lines of that commented on 
by Dr. Naef, in regard to the management of survivors of surgery for 
cancer of the lung. This is an area which was studied by my associate, 
Dr. Magilligan, who will be presenting the details of this in Los 
Angeles. 

In 1954, Knight at Ford Hospital, reviewed 6900 autopsies and 
found among those who had carcinoma of the lung 51% had lesions in 
the brain. A number of these were isolated, single lesions in loca- 
tions which he proposed might be removable. 

We have reviewed 22 patients, treated over the past 15 years at 
Ford Hospital, who had carcinoma of the lung and solitary intra- 
cranial metastases either at the time of their thoracotomy or subse- 
quently. 

These were grouped into three categories: good, fair, and poor 
results; the good results implying survival for more than a year and 
symptom-free for more than a year, included 7 cases. 
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The survival after thoracotomy, after craniotomy, was >95% and the 
symptom-free interval in this group of 22 patients was excellent. 
Among the Group I cases there are currently only three survivors, 
but of interest is the fact that the survival time and the symptom- 
free time in these patients after removal of their single cranial metastasis 
has been quite encouraging, and has afforded them a much better quality 
of life. Several of these patients have had a second craniotemy, 
with additional survival. Three patients are alive as long as 4 years 
and 3 months after thoracotomy, 34 years after craniotomy, and 
symptom-free, in one case, 344 years after craniotomy; the other two 
for lesser intervals but significant periods of symptom-free life. I would 
like to point out that the surgical mortality rate in these 22 craniot- 
omies has been very low (<4%). The overall survival has been 
quite substantial. Ten of 22 patients (4596) have lived for more than 
one year. The average has been 14 months for the group. There 
has been a group (three-quarters of the series) with at least 3 months 
free of symptoms; and about one-third of the series were free of 
symptoms for more than a year. 

I would be very interested in Dr. Paulson's comments zs tó 
the management of these unfortunate individuals who are, obviously, 
salvage and palliation problems. 


Dr. C. BARBER MUELLER (Hamilton, Ontario): This paper by 
Dr. Paulson is a remarkable testimony to continued interest and un- 
remitting efforts to salvage something or someone out of a large 
group of patients who develop carcinoma of the lung. I must com- 
mend him, his excellent record keeping and his followup. 

The base reference group here is those patients who were subjected 
to an operation, and, unfortunately, in such a study the total group 
at risk is of undetermined size, shape, and composition. Once again, 
I have a few slides to show, to indicate the severity and magni- 
tude of the problem that Dr. Paulson attacks, the difficulty of dealing 
with only a portion of the group, and the inherent complications 
in selection for better cases or staging. 

In a three-year period in Hamilton, Dr. Herbert Sullivan and I 
collected 594 cases with cancer of the lung. Three and a half years 
later, after the last case had been entered, every case was identified 
as to status, alive or dead, and dead of what cause. Every patient 
was found. There were none lost to followup. 

Using life table analysis, the decay curve of this group is presented. 
Note here that there are 12% women, and their decay curve is 
almost exactly the same as for men, despite the fact that the spectrum 
of tumor diagnoses was quite different between the women and the men, 
and the women were developing tumors of a type which were thought 
to be less malignant, or more benign. 

And another way of putting this; if you take half-time, note that 
half of the men were gone in only 6 months. The average age of this 
group of men was 65, and average expected longevity for men of 
65 is 14 years. 

When the entire group was examined, the picture was even more 
dismal. Of the dead, 9695 died of their cancer, and another 2.596 
died with those physicians who cared for them believing that cancer 
was a contributory cause. 

I have two more slides to show you. One is the pitfalls of case 
selection. This is a poor slide, because it has two points to make 
and that is bad pedagogy. 

Up here I have proposed that there be 300 cases, which will have 
170 deaths. Dr. No. 1 staged them 100, 100, 100, into groups A, B, 
and C, the mortality rates being here 30, 50, and 90; whereas 
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Dr. No. 2 comes along with:a little different staging technique and 
divides them up into 80, 110, 110. He has a mortality rate of 12.596 in 


Stage A, and will conclude that his Stage A management is better than. 


the Stage A management of Dr. No. 1. 

When one stages from any total group, one has the problem that 
Dr. Paulson showed so clearly. If the total group has a demise curve 
like this, a subset called Stage A, which looks better than the total 
- group, is always paid for by another subset called Stage C, which is 
worse than the total group. 

The moral of all of this is that every time you consider case 
selection for better results remember, it's a tough world. 


Dr. DONALD L. PAULSON (Closing discussion): There's a great deal 
of controversy about the significance of mediastinal node involvement. 
Much of the confusion arises from the fact that the precise location 
of the nodes is not always delineated, nor the type of nodal involvement. 
The Swedish surgeons, Drs. Bergh and Scherstén, Dr. Carlens, 
have carefully noted the location of nodal involvement, whether 
it's ipsilateral or contralateral, and the type of involvement, whether 
it is perinodal (extracapsular) or intranodal. 

Perinodal involvement predominates in all cell types. No patient 
with perinodal involvement lived over two years after resection in their 
series. Intranodal metastases were found in only 1596 of the patients. 
Survival at 3 years with this type, ipsilateral and intranodal, 
was better than 50% in a small group of patients. 

Carlens has suggested on the basis of these findings regarding the 
stage, location, and extent of nodal involvement, that those patients 
with contralateral spread of perinodal extent be excluded from opera- 
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tion. Among patients with invaded mediastinal nodes, there will re- 
main 12% located ipsilaterally, with intranodal involvement only. 
Taking into account the surgical mortality of resection for these 
lesions, a figure results which corresponds with the survival figures 
for Stage 3 lesions, not only in our series, but in all accurately 
staged series, as far as lymph nodal involvement is concerned. 

Only 13 cases (6-895) with mediastinal node involvement survived 
5 years in our séfies, and all of these were ipsilateral, at a low 
level, and in retrospect we would interpret them as being intranodal. 
Only 3 such cases survived 10 years, and two cases, 15 years. 

I think this points up, as far as surgeons are concerned, the 
importance of selection. I would also refer to Dr. Davila's discussion 
in the same vein, that the stage of the lesion in regard to nodal 
involvement would greatly influence me, as far as resecting cerebral 
metastases. 

I'm very grateful to Dr. Mueller for his discussion, and followed 
his excellent paper on breast cancer presented a year ago before 
this Association with a great deal of interest in preparing this material. 
I can say, however, that I am a surgeon, and thinking positively, 
we have presented a series of pulmonary resections performed selec- 
tively for bronchogenic carcinoma with good long term results. 

The efficacy of resection for bronchogenic carcinoma in our ex- 
perience improves with selection based on staging. Judged by relative 
survival rates presented on a semi-log plot, the slopes of these curves 
after 5 years level off, assuming a near horizontal curve segment. 

I understand Dr. Mueller's points, but I submit that in this paper 
we are only presenting the results of a series of resections for broncho- 
genic carcinoma performed over a 25 year period. 
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site specific 


The gastrointestinal tract of man contains 
an abundance of microorganisms composed 
predominantly of anaerobic bacteria. The geo- 
graphic location of these bacteria in the intes- 
tine may explain the different rates of 
infectious complications associated with inju- 
ries to different parts of the gastrointestinal 
tract. Soilage from the upper portion of the 
small bowel is usually associated with a lower 
rate of infection than from the lower small 
bowel and colon. 


Intra-abdominal infections: Intra-abdomi- 
nal infections may complicate penetrating ab- 
dominal wounds, particularly when the 
integrity of the bowel has been compromised. 
Such complications are frequently asso- 
ciated with trauma resulting from automobile 
accidents or criminal violence (such as gunshot 
wounds or stabbings). Anaerobic infections 
may occur as postsurgical complications. Peri- 
tonitis and abscess formation may cause partic- 
ular problems. Intra-abdominal infections may 
also occur when bowel tissue becomes necrotic 
or nonviable as in cases of vascular compro- 
mise, embolic disease, obstruction, strangula- 
tion, toxic dilatation, and similar conditions 
characterized by tissue anoxia. 

Appropriate therapy for the infectious com- 
plicationsisoften a concern of many physicians. 


Anaerobic GI flora- 


...and how to manage them: The initiation of 
antibiotic therapy, particularly when perito- 
nitis exists, may be a matter of immediate 
importance. In such emergency situations, the 
surgeon's selection of an antibiotic is frequently 
made on the basis of scant etiologic evidence. 
However, his knowledge of the specific normal 
flora in a given area of the bowel and how the 
flora can be altered by certain pathologic con- 
ditions will aid him greatly in his antibiotic 
selection. 


Therapy which must be initiated presump- 
tively may be chosen discriminatively: 
While inspection of Gram-stained speci- 
mens may prove useful, and cultures from 
the infection site will eventually provide 
valuable diagnostic information for the 
surgeon, the bestcluetoimmediate anti- 
biotictherapy may bethelocationofthe 
infection. In the normal healthy 
adult, there is well-defined coloniza- 
tion by specific microorganisms in 
specific sites of the gastrointestinal 
tract. Thus a guide to the normal 
inhabitants of various areas may be 
helpful in suggesting the proper 
therapeutic agent. 
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ee The stomach, and proximal and middle small bowel: Here facultative 
enterococci, lactobacilli and anaerobes (originating in the oral cavity) exist in 

z a concentration of 10° or less organisms per ml of contents. Bacteroides fragilis 
is virtually absent. Gastric acidity in this area limits the growth of many bac- 
teria; therefore, most of the organisms are acid-resistant. In the middle portion 
of the small bowel there is sparse indigenous bacterial colonization, largely 
because of pronounced motility of this region. 


The distal small bowel: In the ileum, enterococci and lactobacilli are seen 

Guide to the normal in approximately the same quantities that occur in the stomach and duode- 
adult intestinal num. Coliforms are also observed—as are obligate anaerobes. Bacteroides 
microflora fragilis and other fecal anaerobes first appear at this level. In fact, aerobic and 
anaerobic bacteria exist here in roughly equal proportions. The ileocecal 

valve, if functioning properly, provides a barrier against colonization by fecal 

anaerobes from the large bowel into this area. Beyond the ileocecal valve there 

exists an environment best suited to the proliferation of obligate anaerobes. 































__| The large bowel: Anaerobic microorganisms predominate the large intes- 
tine (101! organisms per gram of contents). Obligate anaerobes outnumber 
Escherichia coli 1,000 to 10,000 to one in the large intestine, and 
Bacteroides fragilis is the anaerobic organism most frequently en- 
countered. Other anaerobes, such as peptostreptococci, clostridia, 
fusobacteria, and eubacteria are also seen although not so profusely. 
Facultative aerobes are in the decided minority here, but their quan- 
tity is no less than elsewhere in the intestinal tract. Enterococci and 
lactobacilli are each present in concentrations of about 10$ to 10* 
organisms per gram of contents. Escherichia coli is most common, 
followed by enterococci (Streptococcus faecalis and Streptococcus 
faecium), proteus, pseudomonas, and klebsiella. Staphylococcus 
aureus and Candida albicans are also present in the large bowel of 
healthy, normal individuals. The pathogenic potential of each of 
these microorganisms should never be overlooked. 

Because the large bowel contains many different species of 
bacteria, disease or trauma in this area may present a special 
challenge. Accordingly, it is important to remember that no 
known single agent has proved to be uniformly effective against 
all of these organisms. 





Variations in the normal microflora: The normal microflora 
of the intestinal tract may be substantially altered in certain path- 
ological conditions. These alterations depend upon the patient's 

medical history and the nature of his present illness. If, for ex- 
ample, the patient has achlorhydria, tissue ischemia, reduced 
intestinal motility, blind loop syndrome or stasis, or has had 
previous antibiotic therapy or bowel surgery, significant 
changes in the microflora of the bowel may be observed. When 
gastric secretion, intestinal motility or anatomic integrity is 
altered, the flora of the small bowel may be affected. Under 
these conditions large numbers of facultative aerobes (e.g., 
Escherichia coli) and obligate anaerobes (Bacteroides fragilis 
and other fecal anaerobes) may be found in this area. A mal- 
functioning ileocecal valve could permit these aerobic and 
anaerobic bacteria to colonize the ileum. 


Problems in diagnosis: Even though the methods currently used 
for culturing anaerobes have been greatly improved, bacterial cultures 
from intra-abdominal sites can be diagnostically misleading. Anaerobes 
are the most often overlooked category of potentially pathogenic organisms 
because their detection demands meticulous collection and culture tech- 
niques. The cultivation of certain anaerobes may require up to ten days of 
incubation, and even a brief exposure to air can kill many of them. Multiple 
pathogens are frequently encountered, and one organism can overgrow an- 
other on the culture plate. Blood cultures can be similarly deceptive, since all 
significant pathogens in a mixed infection are rarely isolated in a single culture. 

Sometimes only the consistent reappearance of a given microorganism 
in repeated cultures is the clue to clinical importance. 


Please turn page for information on one antibiotic of significance 
in the treatment of serious anaerobic intra-abdominal infections. Mutat. 
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Therapeutic considerations... 


Anaerobic activity: Cleocin? 
PO, (clindamycin phosphate 
injection) has proved to be effec- 
tive in a variety of serious intra- 
abdominal infections caused by 
susceptible anaerobic organisms 
including gram-positive cocci, 
and gram-positive and gram- 
negative bacilli. Specifically, the 
activity of clindamycin has been 
established in the following con- 
ditions: septicemia; serious 
intra-abdominal infections such 
as peritonitis and intra-abdomi- 
nal abscess; serious infections of 
the female pelvis and genital 
tract such as endometritis, non- 
gonococcal tubo-ovarian abscess, 
pelvic cellulitis, and postsurgical 
vaginal-cuff infection caused by 
susceptible strains of bacteroides, 
fusobacteria, eubacteria, actino- 
myces, peptococci, microaero- 
philic streptococci, and 
clostridia.* 

Since disc susceptibility 

testing with current methods is 
not reliable for anaerobes, in 
vitro dilution methods should be used to determine sus- 
ceptibility to clindamycin. 
Effective in serious aerobic gram-positive infections caused 
by susceptible streptococci, staphylococci, and pneumococci. 
The use of Cleocin PO, in gram-positive infections has been 
investigated both clinically and bacteriologically. Since it is 
a parenteral antibiotic, Cleocin PO, has been evaluated in 
serious infections. Its use in these infections should be re- 
served for penicillin-allergic patients for whom, in the judg- 
ment of the physician, a penicillin is inappropriate. 

Indications include: serious lower respiratory-tract in- 
fections such as pneumonia caused by susceptible staphylo- 
cocci; serious soft-tissue infections such as deep abscesses 
and deep traumatic or surgical wound infections caused by 
susceptible staphylococci and streptococci; septicemia caused 
by susceptible staphylococci and streptococci; and acute 
hematogenous osteomyelitis caused by susceptible staphylo- 
cocci. In many instances the evaluated cases have been sec- 
ondary to massive wounds, surgery, or debilitating disease. 





With few exceptions, the orga- 
nisms proved susceptible in vitro 
and were successfully eradicated 
from the clinical lesions. 


Other therapeutic considera- 
tions: 

1. Cleocin PO, is clinically 
effective in serious infections 
caused by penicillin-resistant or 
penicillinase-producing staphy- 
lococci. However, staphylococcal 
strains resistant to clindamycin 
have been encountered, and sus- 
ceptibility testing should be 
performed. 

2. Cleocin PO, is useful in 
patients who are sensitive to 
penicillin. Clindamycin does 
not share antigenicity with the 
penicillins; however, hypersen- 
sitivity reactions have been 
reported with clindamycin ther- 
apy. If a hypersensitivity reaction 
occurs, the drug should be dis- 
continued. Serious anaphylac- 
toid reactions require im- 
mediate emergency treatment 
with epinephrine. Oxygen and 
intravenous corticosteroids should also be administered as 
indicated. 

Thus, Cleocin PO, can fill a need for both penicillin- 
sensitive patients and those with serious infections caused 
by penicillin-resistant staphylococci. 

As with all antibiotics, Cleocin PO; should be used 
with caution in atopic patients. Clindamycin has demon- 
strated cross-antigenicity with lincomycin. 

Cleocin PO, should be reserved for serious infections 
where less toxic antimicrobial agents are inappropriate, as 
described in the Indications Section of the brief summary on 
the following page. 








If significant diarrhea or colitis occurs during therapy, 
this antibiotic should be discontinued. (See WARNING 
box and summary of prescribing information on follow- 


ing page.) 








*Clostridia are more resistant than most anaerobes to clindamycin. Some species, e.g. 
C. sporogenes and C. tertium, are frequently resistant to clindamycin. 


STERILE SOLUTION & 


| ACIeoci 





45A 


n PO, 


cinaamycin phosphate injection Upjonn 
























WARNING 
Clindamycin can cause severe colitis which may 
end fatally. Therefore, it should be reserved for 
serious infections where less toxic antimicro- 
bial agents are inappropriate, as described in the 
Indications Section. It should not be used in 
patients with nonbacterial infections, such as 
most upper respiratory tract infections. The 
colitis is usually characterized by severe, per- 
sistent diarrhea and severe abdominal cramps 
and may be associated with the passage of blood and mucus. Endo- 
scopic examination may reveal pseudomembranous colitis. 

When significant diarrhea occurs, the drug should be discon- 
tinued or, if necessary, continued only with the close observation 
of the patient. Large bowel endoscopy has been recommended. 

Antiperistaltic agents such as opiates and diphenoxylate with 
atropine (Lomotil®) may prolong and/or worsen the condition. 

Diarrhea, colitis and pseudomembranous colitis have been 
observed to begin up to several weeks following cessation of ther- 
apy with clindamycin. 


Each ml contains: 


clindamycin phosphate equivalent to. ............. isses 150 mg 

clindamycin base 
boiak nna aa a 5 mg 
disodium COSINE: cda sr e me ne Re RE REPRE VER RE 0.5 mg 
wor Jor TiN OUI 1a bea Qi vacca E ER C ROR OE DEKE de n qs 


When necessary, pH adjusted with NaOH and/or HCl. 


Indications: Clindamycin is indicated in the treatment of serious 
infections caused by susceptible anaerobic bacteria. 

Clindamycin is also indicated in the treatment of serious infections 
due to susceptible strains of streptococci, pneumococci, and staphylo- 
cocci. Its use should be reserved for penicillin-allergic patients or other 
patients for whom, in the judgment of the physician, a penicillin is in- 
appropriate. Because of the risk of colitis, as described in the WARNING 
box, before selecting clindamycin the physician should consider the 
nature of the infection and the suitability of less toxic alternatives 
(e.g., erythromycin). 

Anaerobes: Serious respiratory tract infections such as empyema, 
anaerobic pneumonitis and lung abscess; serious skin and soft tissue 
infections; septicemia; intra-abdominal infections such as peritonitis 
and intra-abdominal abscess (typically resulting from anaerobic orga- 
nisms resident in the normal gastrointestinal tract); infections of the 
female pelvis and genital tract such as endometritis, nongonococcal 
tubo-ovarian abscess, pelvic cellulitis and postsurgical vaginal cuff 
infection. 

Streptococci: Serious respiratory tract infections; serious skin and soft 
tissue infections; septicemia. 

Staphylococci: Serious respiratory tract infections; serious skin and 
soft tissue infections; septicemia; acute hematogenous osteomyelitis. 

Pneumococci: Serious respiratory tract infections. 

Adjunctive Therapy: In the surgical treatment of chronic bone and 
joint infections due to susceptible organisms. 

Indicated surgical procedures should be performed in conjunction 
with antibiotic therapy. 

Bacteriologic studies should be performed to determine the causative 

organisms and their susceptibility to clindamycin. 
Contraindications: History of hypersensitivity to clindamycin or 
lincomycin. 
Warnings:(See WARNING box.) Mild cases of colitis may respond 
to drug discontinuance alone. Moderate to severe cases should be 
managed promptly with fluid, electrolyte and protein supplementa- 
tion as indicated. Systemic corticoids and corticoid retention enemas 
may help relieve the colitis. Other causes of colitis should also be 
considered. 

A careful inquiry should be made concerning previous sensitivities 
to drugs and other allergens. Antagonism has been demonstrated be- 
tween clindamycin and erythromycin in vitro. Because of possible 





clinical significance, these two drugs should not be 
administered concurrently. 

Usage in Pregnancy: Safety for use in pregnancy 
has not been established. 

Usage in Newborns and Infants: When clinda- 
mycin phosphate is administered to newborns and 
infants, appropriate monitoring of organ system 
functions is desirable. 

Usage in Meningitis: Since clindamycin does not 
diffuse adequately into the cerebrospinal fluid, the 
drug should not be used in meningitis. 

SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE 
EMERGENCY TREATMENT WITH EPINEPHRINE. OXYGEN AND 
INTRAVENOUS CORTICOSTEROIDS SHOULD ALSO BE ADMIN- 
ISTERED AS INDICATED. 


Precautions: Review of experience to date suggests that a subgroup 
of older patients with associated severe illness may tolerate diarrhea 
less well. When clindamycin is indicated in these patients, they should 
be carefully monitored for change in bowel frequency. Prescribe with 
caution in individuals with a history of gastrointestinal disease, par- 
ticularly colitis. 

Do not inject intravenously as an undiluted bolus; infuse as directed 
in package insert. Indicated surgical procedures should be performed 
in conjunction with therapy. Patients with very severe renal disease 
and/or very severe hepatic disease accompanied by severe metabolic 
aberrations should be dosed with caution and serum clindamycin 
levels monitored during high dose therapy. 

Prescribe with caution in atopic individuals. During prolonged 

therapy, periodic liver and kidney function tests and blood counts 
should be performed. Use may result in overgrowth of nonsusceptible 
organisms, particularly yeast. Should superinfection occur, adjust 
therapy as clinical situation dictates. Clindamycin has been shown to 
have neuromuscular blocking properties that may enhance the action 
of other neuromuscular blocking agents. Use with caution in patients 
receiving such agents. 
Adverse Reactions: Gastrointestinal: Abdominal pain, nausea, 
vomiting and diarrhea. (See WARNING box.) Hypersensitivity Reac- 
tions: Maculopapular rash and urticaria have been observed. Gen- 
eralized mild to moderate morbilliform-like skin rashes are the most 
frequently reported of all adverse reactions. Rare instances of erythema 
multiforme, some resembling Stevens-Johnson syndrome, have been 
associated with clindamycin. A few cases of anaphylactoid reactions 
have been reported. If a hypersensitivity reaction occurs, the drug 
should be discontinued. The usual agents (epinephrine, corticoste- 
roids, antihistamines) should be available for emergency treatment of 
serious reactions. Liver: Jaundice and abnormalities in liver function 
tests have been observed during clindamycin therapy. Hematopoietic: 
Neutropenia, eosinophilia, agranulocytosis and thrombocytopenia 
have been reported; no direct etiologic relationship to concurrent 
clindamycin therapy has been made. 

Local Reactions: Pain, induration and sterile abscess have been 

reported after intramuscular injection and thrombophlebitis after 
intravenous infusion. Reactions can be minimized or avoided by 
giving deep intramuscular injections and avoiding prolonged use of 
indwelling intravenous catheters. 
How Supplied: Available as sterile solution with each ml containing 
clindamycin phosphate equivalent to 150 mg clindamycin base. 
Ampoules of 2 and 4 ml. 

Caution: Federal law prohibits dispensing without prescription. 

For additional product information see your Upjohn representative. 
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Cleocin PO. 


Cindamycin phosphaie injection Upjonn 


FOR INTRAVENOUS AND INTRAMUSCULAR USE 


Upjohn The Upjohn Company, Kalamazoo, Michigan 49001 
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The EMl-Scanner CT5005 can resolve picture 
elements as small as 0.75 mm x 0.75 mm. 
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The EMI CT5005 head and body scanner provides 











Like its companion system—the EMI CT1010 Neuro |i 
C.T. Scanner—our new EMI-Scanner CT5005 | 
Advanced General Diagnostic C.T. 
System is based on fully proven tech- m 

nology that has established EMI as First 
the unrivaled world leader in comput- 
erized tomographic scanning. This 
new head and body scanning system 
combines the capability for excep- 
tional resolution, definition and ac- e 
curacy in the pictures produced, a 

very fast scanning cycle, unusually po 
powerful computing capability and E I 


other advanced features that con- E ITI 
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tribute to ease-of-operation and efficient patient 
handling. The CT5005 General Diagnostic System 


can be tailored by selection of the 
appropriate choice of peripherals 
and software packages to meet spe- 
cific clinical needs. Obviously, for 
the radiologist and referring physi- 
cian alike, the quality of the scan 
picture itself is the final proof of any 
CT system's performance. The EMI- 
Scanner System has met this test 
in hundreds of institutions. It is the 
world's only fully proven scanner sys- 
tem. For information, call us or write. 
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EMI-SCAN taken at the level of the 12th thoracic vertebra. The dark area of low 
absorption is a metastasis from a prostatic carcinoma. This lesion was not suspected 
until shown on the EMI-SCAN. 


6-220 


Superior diagnostic information in every EMI-SCAN: 





of detailed tissue structures that are 
extremely difficult to investigate with 
alternative techniques. Based on 
thoroughly proven EMI technology, 
this new head and body scanner has 
also demonstrated improved diag- 
nostic accuracy in areas where 
current methods have been regarded 
as satisfactory. The CT5005 employs 
a rapid scanning cycle to record 
more than 300,000 X-ray readings 
perscan. Exceptionally powerful data 


A metastatic 





lesion 


at T12 


The EMI-Scanner CT5005 Advanced General Di- 
agnostic C.T. System allows accurate visualization 


First in CT 
imaging, 
worldwide 





processing capability ensures that the full potential 
of the information in the photon beam is realized 


in the patient's scan pictures. In the 
high-resolution format, picture ele- 
ments 0.75 mm x 0.75 mm can be 
resolved. The diagnostic precision 
of EMI-SCAN pictures is proving a 
major benefit in examining condi- 
tions such as metastases in organs 
including the liver, pancreas, anc 
kidneys, and in studies of the skull 
retro-sternal area, inferior angles ol 
the lungs, spleen and spinal canal 
For information, call us or write. 


3605 Woodhead Drive, Northbrook, Illinois 60062 Telephone: (312) 564-2000 
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tablets 


Darvocet-N 100 
IOO mg. DOANEAN napsylote) 
650 mg. acetaminophen 


recommended dosage: 
one tablet a.4 h. 
D. rn. for oain 


See summary of prescribing information on adjoining page 





; by GRAHAM L. HILL 
analgesic 
surgery, physiology and management and is de- 
. the ileostomy patient. The author has diligently 
moderate pain 


This book provides a comprehensive account 

for relief of signed to provide an in-depth but practical ap- 
summarized and brought into focus the most 

DARVOCET-N" 100 lucid descriptions of the various techniques 


E potent SURGERY, PHYSIOLOGY, AND MANAGEMENT 
of current knowledge concerning ileostomy 
mila Io proach to the total care and understanding of 
significant advances in this area, together with 
propoxyphene napsylate with acetaminophen 


Indications: For the relief of mild to moderate pain, either 
alone or accompanied by fever. 

Contraindications: Hypersensitivity to propoxyphene or to 
acetaminophen. 


Warnings: Drug Dependence—Propoxyphene can produce 
drug dependence characterized by psychic dependence 
and, less frequently, physical dependence and tolerance 
Propoxyphene will only partially suppress the withdrawal 
syndrome in individuals physically dependent on morphine 
or other narcotics. The abuse liability of propoxyphene is 


which have been and are now being employed 
during the surgical establishment of a satisfac- 
torily functioning ileostomy. Pointed out are the 
pitfalls to be avoided if a consistently success- 
ful result is expected to ensue. 

1976, 177 pp., illus., $15.75/£8.65 ISBN: 0-8089-0928-2 


The Aged and High Risk 


Surgical Patient 


MEDICAL, SURGICAL AND ANESTHETIC 
MANAGEMENT 


qualitatively similar to that of codeine although quantitatively 
less, and propoxyphene should be prescribed with the same 
degree of caution appropriate to the use of codeine. 

Usage in Ambulatory Patients —Propoxyphene may impair 
the mental and/or physical abilities required for the perform- edited by JOHN H. SIEGEL and PETER D. CHODOFF 
ance of potentially hazardous tasks, such as driving a car or 
operating machinery. The patient should be cautioned accord- A Modern Surgical Monograph 
ingly. RICHARD H. EGDAHL, Series Consultant 


Usage in Pregnancy —Safe use in pregnancy has not been 
established relative to possible adverse effects on fetal 
development. Therefore, propoxyphene should not be used in 
pregnant women unless, in the judgment of the physician, the 
potential benefits outweigh the possible hazards. 

Usage in Children —Propoxyphene is not recommended for 
use in children, because documented clinical experience has 
been insufficient to establish safety and a suitable dosage 
regimen in the pediatric age group. 

Precautions: Confusion, anxiety, and tremors have been 
reported in a few patients receiving propoxyphene concomi- 
tantly with orphenadrine. The central-nervous-system 
depressant effect of propoxyphene may be additive with that 
of other C.N.S. depressants, including alcohol. 


Adverse Reactions: The most frequent adverse reactions 
are dizziness, sedation, nausea, and vomiting. These effects 
seem to be more prominent in ambulatory than in nonambula- 
tory patients, and some of these adverse reactions may be 
alleviated if the patient lies down. 

Other adverse reactions include constipation, abdominal 
pain, skin rashes, lightheadedness, headache, weakness, 
euphoria, dysphoria, and minor visual disturbances. 

The chronic ingestion of propoxyphene in doses exceeding 
800 mg. per day has caused toxic psychoses and convul- 
SIOnS. [0113754] 


Additional information available to the profession 
on request. 


Lilly Eli Lilly and Company, Inc. 


Indianapolis, Indiana 46206 


600702 


This book is an attempt to focus on the clini- 
cal and physiologic problems which are partic- 
ular to the proper management of the aged and 
high risk surgical patient. It deals with specific 
aspects of the predéperative medical, surgical 
and preanesthetic therapy for such patients. It 
also covers problems related to intraoperative 
and postoperative management and focuses on 
the consultative partnership between the intern- 
ist, the anesthesiologist, and the surgeon in 
the successful management of the aged and 
critically ill patient who requires major operative 
therapy. 

1976, 500 pp., $40.00/£22.00 ISBN: 0-8089-0935-5 


Surgical Immunology 


edited by ANDREW M. MUNSTER 


The purpose of this book is to present a 
simple and readable update of immunology as 
it relates to surgical practice. The emphasis is 
on the practical, clinical applications of immu- 
nological theory. Each of the contributors, 
whether internist or surgeon, is a clinician well 
versed in the bedside application as well as the 
research aspects of his contribution. 


1976, 336 pp., illus., $22.50/£13.70 
ISBN: 0-8089-0943-6 


N. B. Postage plus 50€ handling charge on all 
orders not accompanied by payment. 


Prices subject to change without notice. 
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PRESERVE and PROTECT 
YOUR COPIES OF 
ANNALS of SURGERY 


Now, your journals can become a hand- 
some addition to your professional library. 


These file boxes are designed and cus- 
tom-made to keep your copies orderly, 
readily accessible and clean. 


Durable book-binder's board covered 
with scuff-resistant, washable Leathertex. 
Lettering embossed in 23-Karat gold leaf. 


Jesse Jones Box Corp. (since 1843) 
Dep't. JBLA—Phila., Pa. 19141 


Gentlemen: Kindly send me: 


Add $1.00 postage per file for orders outside the U.S. 


[] Check enclosed (Make check payable to: 
Jesse Jones Box Corp., Box 5120, Phila., Pa. 
19141) 


Name 


Address 
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Shipped postpaid U.S. only. Satisfaction unconditionally 
guaranteed or your money back. 
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USCI” SAUVAGE ™ 
FILAMENTOUS 
VASCULAR 
BIFURCATED 
PROSTHESIS 


INDICATIONS 


This Filamentous Vascular Prosthesis of knitted 
DACRON* material is indicated for replacement 
or by-pass of central and of peripheral arteries 
exclusive of the tibials and coronaries, provided 
that the preclotting instructions for this graft are 
performed as directed. 


CONTRAINDICATIONS 

Any part of a prosthesis that has been in contact 
with blood from a previous surgical procedure 
should not be used. 


PRECAUTIONS 


1. FEDERAL LAW RESTRICTS THIS DEVICE TO 
SALE BY OR ON THE ORDER OF A PHYSICIAN. 


2. ONLY PERSONS QUALIFIED IN VASCULAR 
SURGERY TECHNIQUES SHOULD USE THIS 
PROSTHESIS. 

3. ARTERIAL PROSTHESIS MUST BE STERILE 
BEFORE USE. 

4. eee PLASTIC BODY SUPPORT PRIOR TO 
USE. 

5. IT IS ESSENTIAL THAT THIS PROSTHESIS BE 
PROPERLY PRE-CLOTTED WITH NON-HEPA- 
RINIZED BLOOD PRIOR TO IMPLANTATION 
TO AVOID UNNECESSARY BLEEDING AND/ 
OR BLOOD LOSS. 

6. NON-HEPARINIZED BLOOD SHOULD NOT 
COME IN CONTACT WITH PRE-CLOTTED 
PROSTHESIS DURING IMPLANTATION, AS 
NON-HEPARINIZED BLOOD WILL CLOT RAP- 
IDLY ON CONTACT WITH THE THROMBO- 
GENIC GRAFT SURFACE. 

7. CARE SHOULD BE TAKEN WHEN CLAMPING 
A PROSTHESIS TO AVOID DAMAGE TO THE 
FIBERS. EXPERIENCE HAS SHOWN THAT 
SUCH DAMAGE CAN BE AVOIDED BY USING 
A SHOD TYPE CLAMP. 

8. ONLY TAPER POINT SUTURE NEEDLES 
SHOULD BE USED, SO THAT THE PROSTHE- 
SIS FIBERS WILL NOT BE CUT, TO ASSURE 
SUTURE LINE INTEGRITY. 

9. PROLONGED HEPARINIZATION IN THE POST- 
OPERATIVE PERIOD IS NOT RECOMMENDED 
DUE TO THE POSSIBILITY OF PERIGRAFT 
HEMATOMA FORMATION. 


HOW SUPPLIED: 
Each USCI SAUVAGE Filamentous Vascular Bi- 
furcated Prosthesis is individually packaged, ster- 
ile, in a double blister pack. 


REFERENCE: 

*"Presence of Endothelium in an axillary-femoral 
graft... .’’ Lester R. Sauvage, M.D. et al Annals 
of Surgery, December 1975. 


Complete instructions for use accompany each 
prosthesis. 


DACRON is a trademark of E. |. DuPont de Nemours & Co., 
Inc. for polyester. 


USCI is a trademark registered in the U. S. Patent and 
Trademark Office by C. R. Bard, Inc., SAUVAGE is a trade- 
mark of C. R. Bard, Inc. 


USCI, A DIVISION OF C. R. BARD, INC. 
BILLERICA, MASS. 01821, U.S.A. 
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‘When only the very best will do... 


USCI SAUVAGE" 
“FILAMENTOUS” 
ASCULAR 


ow does YOUR vascular 
»placement compare? 


e USCI? SAUVAGE™ 
FILAMENTOUS PROSTHESES 
offer: 

CLUSIVE DESIGN: 

FILAMENTOUS construction using FULL 


ALL yarn texturization to encourage an 
NDOTHELIALIZED flow surface.* 


ONVENIENCE: 
asy to suture, PRE-CLOT and CONFORMS 
ell to the host vessel. 


ONFIDENCE: 
wo Years of animal experimentation, and 
HREE years of clinical trials prior to release 
or general use. 
PROVEN PERFORMANCE: 
SIX years of clinically documented results. 
Over 10,000 successful implants. FIVE YEAR 
ollo ‘of 97 Femoral-popliteal bypass 
grafts with 76% PATENT. 


‘Presence of Endothelium in 
an axilliary-femoral graft... .’’ 


Lester R. Sauvage, M.D. et al 
Annals of Surgery, December 1975 


USCI, A DIVISION OF C. R. BARD, INC. 
BOX 566, BILLERICA, MASSACHUSETTS 01821, U.S. 


PHONE..617-667-2511 TELEX 94-71 
TWX .710-347-18 





Speed is in your hands with 
ATRALEASE" control release needled sutures. 


Super-Smooth ribbed needle. 
Easy to release with no change in technic 
for fast interrupted suturing. 
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To minimize the possibility 
of postoperative atelectasis 


MUGOMYST saccricystene 


As you plan measures to prevent that serious complication, postopera- 
tive atelectasis due to mucus obstruction, consider Mucomyst—the 
mucolytic for use before, during, or after surgery. 

preoperatively Mucomyst helps you prevent atelectasis. ..lysing 
mucus and thinning purulent secretions, helping cleanse the tracheo- 
bronchial tree. 

during surgery Mucomyst helps ease aspiration of secretions to 
facilitate ventilation. 

postoperatively Mucomyst helps your patients bring up secre- 
tions. Mucomyst, used adjunctively with antibiotics and other therapy, 
has sharply reduced postoperative atelectasis’ and other complica- 
tions, including pneumonia." 


REFERENCES: 1. Webb, W. R., and Degerli, |. U.: Acetylcysteine as a mucolytic agent in clinical practice, Clin Med. 7/:1531-1539 
(Sept.) 1964. 2. Thomas, P. A., Lynch, R. E., and Merrigan, E. H Prevention of postoperative pulmonary atelectasis: Review of 215 cases 
and evaluation of acetylcysteine, Am. Surg. 32301-307 (May) 1966. 3. Webb, W. R.: New mucolytic agents for sputum liquefaction, 
Postgrad. Med. 36:449-453 (Nov.) 1964. 4. Tarnay, T. J., Wittig, H. J., Lucas, R. V., Jr., and Warden, H. E.: Chronic and recurrent 
atelectasis in children, Surgery 62:520-529 (Sept.) 1967 

Indications: Mucomyst has been demonstrated to be clinically effective as adjuvant therapy in a wide 
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Before prescribing, please consult complete 
product information, a summary of whict 
follows: . 


INDICATIONS: Tigan is indicated for the con 
trol of nausea and vomiting. 


CONTRAINDICATIONS: The injectable 
form of Tigan in children, the suppositories 
in premature or newborn infants, and use in 
patients with known hypersensitivity to tri- 
methobenzamide are contraindicated. Since 
the suppositories contain benzocaine they 
should not be used in patients known to be 
sensitive to this or similar local anesthetics. 


WARNINGS: Tigan may produce drowsiness. 
Patients should not operate motor vehicles or 
other dangerous machinery until their individ- 
ual responses have been determined. Reye's 
Syndrome has been associated with the use of 
Tigan and other drugs, including antiemetics, 
although their contribution, if any, to the cause 
and course of the disease hasn't been estab- 
lished. This syndrome is characterized by an 
abrupt onset shortly following a nonspecific 
febrile illness, with persistent, severe vomiting, 
lethargy, irrational behavior, progressive 
encephalopathy leading to coma, convulsions 
and death. 


Usage in Pregnancy: Trimethobenzamide 
hydrochloride was studied in reproduction 
experiments in rats and rabbits and no tera- 
togenicity was suggested. The only effects 
Observed were an increased percentage of 
embryonic resorptions or stillborn pups in rats 
administered 20 mg and 100 mg/kg and in- 
creased resorptions in rabbits receiving 100 
mg/kg. In each study these adverse effects 
were attributed to one or two dams. The rele- 
vance to humans is not known. Since there is 
no adequate experience in pregnant or lactat- 
ing women who have received this drug, safety 
in pregnancy or in nursing mothers has not 
been established. 


PRECAUTIONS: During the course of acute 
febrile illness, encephalitides, gastroenteritis, 
dehydration and electrolyte imbalance, espe- 
cially in children and the elderly or debilitated, 
CNS reactions such as opisthotonos, convul- 
sions, coma and extrapyramidal symptoms 
have been reported with and without use of 
Tigan or othér antiemetic agents. In such dis- 
orders caution should be exercised in admin- 
istering Tigan, particularly to patients who have 
recently received other CNS-acting agents 
(phenothiazines, barbiturates, belladonna de- 
rivatives). It is recommended that severe 
emesis should not be treated with an anti- 
emetic drug alone; where possible the cause 
of vomiting should be established. Primary em- 
phasis should be directed toward the restora- 
tion of body fluids and electrolyte balance, the 
relief of fever and relief of the causative dis- 
ease process. Overhydration should be 
avoided since it may result in cerebral edema. 

The antiemetic effects of Tigan may render 
diagnosis more difficult in such conditions as 
appendicitis and obscure signs of toxicity due 
to overdosage of other drugs. 


ADVERSE REACTIONS: There have been 
reports of hypersensitivity reactions and 
Parkinson-like symptoms. There have been in- 
stances of hypotension reported following par- 
enteral administration to surgical patients: 
There have been reports of blood dyscrasias, 
blurring of vision, coma, convulsions, depres- 
sion of mood, diarrhea, disorientation, dizzi- 
ness, drowsiness, headache, jaundice, muscle 
cramps and opisthotonos. If these occur, the 
administration of the drug should be discon- 
tinued. Allergic-type skin reactions have been 
observed; therefore, the drug should be dis- 
continued at the first sign of sensitization While 
these symptoms will usually disappear spon- 
taneously, symptomatic treatment may be in- 
dicated in some cases. 


NOTE: The injectable form is intended for intra- 
muscular use only; it is not recommended for 
intravenous use. 
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mg, boxes of 10. Suppositories, 200 mg, boxes 
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Syringes), 2 ml, boxes of 10. Capsules 250 
mg, bottles of 100 and 500; 100 mg, bottles 
of 100. 
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K í Nausea and vomiting may seriously disrupt 
ý the course of recovery from surgery. Torn 
sutures, fluid and electrolyte imbalance, and 

disturbed digestive function are among the 

untoward consequences of unchecked nausea 
and vomiting. 

Tigan is a specific antiemetic-antinauseant, 
with no other indications. Its action is so 
smooth and gentle that patients seldom 
experience any effect but the relief of nausea 
and vomiting Tigan was designed to give. 

Side effects are not unknown in 
patients taking Tigan, but these effects 
are seldom sufficient to require with- f 
drawal of therapy. (Please see prescrib- Í 
ing information.) | 

he instruction, "Tigan 200 mg I.M., 

p.r.n. q6h for nausea" on your patiénts' 

charts should help keep their recovery 

smooth and unruffled by disturbances 
either from emesis or from antiemetic 
side effects. 
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contamination and the costs of reprocessing a 
reusable unit. 


Available singly or in 


TRAVENOL Biopsy Procedure Trays. 


PA Hii... 


Tissue prolapses into the specimen notch 


Surgically sharp needle edge cuts clean specimen 


Specimen remains encast .d within the needle 


TRAVENOL LABORATORIES, INC. 
Deerfield, Illinois, U.S.A. 60015 





Steroids in the Treatment of Clinical Septic Shock 


A prospective (Part I) and a retrospective (Part IT) study were 
used to determine the safety and efficacy of corticosteroids in 
the treatment of septic shock. In Part I, 172 consecutive pa- 


BM. tients in septic shock admitted over an 8-year period were treated 


with either steroid or saline: 43 received dexamethasone (DMP), 
43 received methylprednisolone (MPS), and 86 received saline. 
The study was double-blind and randomized, and the three 
groups were compared for age, severitv of shock, presence of 
underlying disease, and year of study. In the 86 saline-treated 
patients, the mortality rate was 38.4% (33/86); in the steroid- 
treated patients, it was 10.4% (9/86). With MPS the mortality 
rate was 11.6% (5/43, and with DMP it was 9.3% (4/43). 
Thus, overall mortality was significantly less in the steroid- 
treated group than in the control group. Further, there was 
no significant difference in mortality rate between the DMP- 


' . and the MPS-treated patients. In Part II, 328 patients were 


studied retrospectively. One-hundred sixty were treated without 
steroid, and 168 were treated with either DMP or MPS. Again, 
the two groups of patients were compared for severity of shock, 


underlying disease, age, and year of study. Mortality among 
. patients treated without steroid was 42.5% (68/160) and among 


. patients treated with steroid was 14% (24/168); there was no 


significant difference in mortality rate between DMP- and MPS- 


treated patients. In Parts I and II combined, complications 


occurred in 6% of steroid-treated patients with no significant 


difference between DMP- and MPS-treated groups. 


N A RECENT CRITICISM of previous investigations with 
I steroids, Weitzman and Berger” stated, ''Only future 
studies with sufficient adherence to sound principles of 
clinical trial design can resolve the controversy surround- 
ing the use of corticosteroids as adjunctive therapy in 
bacterial infection." Therefore, this report presents a 
prospective and a retrospective study of our clinical 
experience with the use of steroids in septic shock. The 
prospective study was controlled, double-blind, and 


randomized. Both studies made specific reference to diag- 


nostic criteria, severity of shock, presence of underlying 
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condition, complications; and statistical methodology. 
The main purpose of this clinical investigation was to 
determine the safety and efficacy of corticosteroids in 
the treatment of septic shock. It was, therefore, con- 
cerned very strictly with only two criteria: mortality rate 
and complication rate. 


Methods 
Part I: Prospective Study 


The prospective study was performed on 172 septic 
shock patients consecutively admitted to the Surgical 
Service of a Veterans Administration Hospital over an 8- 
year period from 1967 through 1975. Septic shock was 
diagnosed on the bases of: 1) septic history; 2) falling 
blood pressure; and 3) positive aerobic or anaerobic 
blood cultures. If the culture was negative, then the 
patient was not included in the study. Treatment was 
chosen by a randomized card system. Each card in- 
dicated either 100 cc of saline, or 3 mg/kg of dexa- 
methasone (DMP) in 100 cc of saline, or 30 mg/kg of 
methylprednisolone (MPS) in 100 cc of saline. The treat- 


"ment was administered at the time of diagnosis as a 


single bolus infusion through a central venous catheter 
over a period of 10 to 20 minutes. If necessary, it 


‘was repeated after 4 hours but not again. Each treat- 


ment group was evaluated for mortality and complication 
rates. The relationships of mortality to age, severity of 
shock, presence of underlying disease, year of study, 
and bacterial etiology were determined. The antibiotic 
administered in the early years of the study (1967 to 
1969) was Chloromycetin at a daily dose of 6 to 8 gm. 
Forty-eight patients received this regimen: 24 in the. 
saline control group and 12 in each of the two steroid 
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TABLE 1. Complications of Steroid Administration 
in the Retrospective Study 


Method of Infusion Total Gastroin- 
and Dose of Number of Complica- intestinal 
Steroid Patients tions Bleeding 
Single bolus: 
either 3 mg/kg DMP 
or 30 mg/kg MPS 99 3 l 
Multiple doses (twice 
daily) for over 24 hours: 
either 0.25 to 1.5 
mg/kg DMP or 10 to 30 
mg/kg MPS | 69 7 3 


groups. Beginning in 1970, it was the rule that patients 
first received the combination of gentamicin and Clinda- 
mycin at doses of 9 mg/kg and 25 mg/kg, respectively. 
The 124 remaining prospective patients received this 
regimen: 62 in the saline control group and 31 in each 
of the two steroid groups. If the organism was determined 
to be insensitive to this regimen by later cultures and 
sensitivity tests, then the antibiotics were changed. 
Such a change in antibiotic was necessary only four times, 
each time with a strain of Pseudomonas that became 
. resistant to gentamicin. In all four cases, colistin sulfate 
was substituted for gentamicin. Any patient with renal 
disease received chloramphenicol instead of gentamicin. 
Death was attributed to septic shock if the patient 
succumbed immediately to the shock episode or had a 
continuing septic course with episodes of shock and then 
succumbed. The longest period between an original 
onset of septic shock and a death attributable to the shock 
was four weeks. 


Part Il: Retrospective Study 


The retrospective study included 328 patients consecu- 
tively diagnosed as having septic shock over a 9- 
year period (1967 to 1976). One-hundred sixty patients 
received no steroid, and 168 received either DMP or 
MPS; 60 received DMP, and 108 received MPS. Diag- 
nosis was as described in Part I. See Table 1 for 
dosages and methods of infusion of the steroids. The two 
sample groups were compared for age, severity of shock, 


TABLE 2. Comparison of Duration, Patients’ Ages, 
and Sex Distribution 


Prospective Retrospective 
Study Study 
Duration: 1967 to 1975 1967 to 1976 
Patients' ages: 
‘Mean: 50 years 56 years 
Range: 22 to 84 years 20 to 86 years 
Sex distribution: 
Male: 167 patients 301 patients 
Female: 27 patients 


5 patients 
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presence of underlying disease, year of study, bacterial 
etiology, mortality rate, and complication rate. A variety 
of antibiotics were used in the retrospective study. . 
Usually, the regimen used initially was either chloram- 
phenicol, or the combination of gentamicin and clinda- 
mycin or of kanamycin and clindamycin. Deaths were de- 
termined to be attributable to septic shock on the same 
bases as defined for the prospective study. 


Results 
Age of Sample Population 


The mean age of the prospective sample was 50 years 
with a range of 22 to 84 years (Table 2). The steroid 
group had a mean age of 49, and the non-steroid 
group had a mean age of 51. The mean age of the retrospec- 
tive sample was 56 years with a range of 20 to 86 years. 
The steroid group's mean age was 62, and the non- 
steroid group's mean age was 50. These samples in both 


‘studies were constrained by the ages of patients in a VA 


Hospital and thus excluded pediatric patients. Children 
have a greater mortality rate from septic shock than the 
middle aged,! and this fact may have contributed to the 
better results of this study compared with those of pre- 
vious studies. 


Sex of Sample Population 


Another constraint of this sample was the predominant 
number of males (Table 2). It has been shown, how- 
ever, that the mortality rate for septic shock in males is the 
same as in females. McCabe and Jackson? showed a 
similar overall mortality rate of gram-negative bacteremia 
in both sexes. There was, however, a difference among 
age groups: More than 5096 of the deaths among males 
occurred in the over-50 age group, while 50% of the deaths `~ 
among females occurred in the under-50 age group, It 
must be emphasized that these were studies on gram- 
negative bacteremia, and it was our impression that the 
greater number of females in the lower age groups was 
due to the septic abortions that occurred at the time of 
the study—1951 to 1958. In our study, however, the 
few females were not concentrated in any specific age 
group. Furthermore, our study was performed during the 
time when abortion was legal and septic abortion was less 
frequent. Thus, the predominance of males in the present 
study should not have skewed the mortality statistics 
either one way or the other. 


Duration of Study 


The long duration of the study apparently did not 
affect the results. Although the use of new antibi- 
otics, respirators, and better methods of diagnosis 
could have reduced the mortality rate in the later years, 
these variables would have an equal effect on both the 
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Fic. 1. Mortality rates during each year of the prospective study, 
1968 through 1975. 


control and the experimental groups. Further, as shown in 
Figs. 1 and 2, the mortality rates in the first years of the 
studies were not significantly different from those 
in the last years. 


Mortality Rates 


Prospective study. The results are shown in Table 3. 


«a; Of the 172 patients in the prospective study, 86 re- 


ceived steroid and 86 received saline. In the saline 
group, the mortality rate was 38.4% (33/86); and in the 
steroid groups, it was 10.4% (9/86). Of the steroid- 
treated patients, 43 received DMP, and 43 received 
MPS (Table 4). The mortality rates were 11.6% (5/43) 
in the MPS group and 9.3% (4/43) in the DMP group. 
Retrospective study. The results of the retrospective 
study are also shown in Table 3. The mortality rate 
among saline-treated patients was 42.5% (68/160); among 
steroid-treated patients, it was 14% (24/168). 


Age in Relation to Mortality 


Prospective study. Figure 3 represents the relationship 
of age to mortality. Notably, among non-steroid patients, 
mortality rate had a significant, positive correlation with 
age; but among steroid patients, it had no correlation 
with age. Most deaths occurred in patients aged 29 to 78, 
and the greatest number of deaths in any one age group 
was in the 49 to 58 group. 

Retrospective study. The mortality of patients over 49 
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years of age was approximately twice ‘that of patients 
under 49 years in both the steroid and the non- 
steroid groups (Fig. 3). 


Severity of Shock in Relation to Mortality Rate 


Prospective study. Severity of shock, as defined in Fig. 
4, had a positive correlation with mortality rate in both 
groups of patients. 

Retrospective study. The severity of shock again had a 
positive correlation with mortality rate in both treatment 
groups, as shown in Fig. 5. 


Underlying Condition in Relation to Mortality Rate 


Prospective study. Underlying condition, when 
present, had a significant effect on mortality rate (Table 
5). Patients in the steroid group with chemotherapy, 
neoplasm, immunosuppression, and hepatic disease had 
significantly lower mortality rates than the non-steroid 
group. 

Retrospective study. Again, the presence of an under- 
lying condition correlated positively with mortality rate in 
both steroid and non-steroid patients (Table 6). Steroid 
therapy was most effective in patients with immuno- 
suppression, chemotherapy, neoplasm, and cardiopul- 
monary disease. It had no significant effect compared 
with non-steroid therapy in patients with hepatic disease, 
renal disease, diabetes, and arteriosclerosis. 


CL NUMBER OF PATIENTS 
20% EZ 


Ti 
T 


1967- 1968- 1969- pes I971- 1972- 1973- 1974- 1975- 
668 69 70 7) 72 73 74 75 78 


m NUMBER OF DEATHS 


40 — 


3i% 
36 — 


28 — 


B den 
S 


Fic. 2. Mortality rates dyring each year of the retrospective study, 
1967—68 through 1975-76. 
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TABLE 3. Residts of Prospective and Retrospective Studies 


Study Recovered Died Total 
Prospective: 
Steroid 77 9 (10.4%)* 86 
Saline 53 33 (38.4%)* 86 
172 
Retrospective: 
Steroid 124 24 (14.0%)* 168 
Non-steroid 92 68 (42.5%)* 160 
328 


* Chi-square analysis: P < 0.001. 


Affected Organ System in Relation to Mortality 


Table 7 reveals the organ system source of septic 
shock. The number of patients in the steroid and the 
non-steroid sample groups in both the prospective 
and the retrospective studies was similar. According to 
Neely and associates® and to Seneca and Grant,!! urologic 
cases of septic shock have a better prognosis than septic 
shock due to other affected organ systems. In the pres- 
ent study, urologic septic shock constituted 30% of the 
total sample, which could have affected the results. How- 
ever, these mortality rates showed no significant correla- 
tion with either the urologic or any other organ system 
in either the prospective or the retrospective study. 


Complications 


In the prospective study, gastrointestinal bleeding 
occurred in 2% of the steroid-treated patients, non-ketotic 
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TABLE 4. Comparison of MPS and DMP in the Prospective Study 


Steroid Recovered Died Total 
MPS 38 5 (11.6%) 43 
DMP 39 4 (9.390) 43 


hyperosmolar diabetes in 1%, and psychosis in 1%. 
The total number of complications was four, for a total 
complication rate of 596. There was no significant dif- 
ference in the occurrence of complications between the 
patients given MPS and those given DMP. Although 
cardiac arrhythmias had been previously reported as a 
complication of steroid therapy, none occurred in this 
study. There was no significant difference in complica- 
tion rate between the steroid-treated and the non- 
steroid treated patients. In the control group, gastroin- 
testinal bleeding occurred in 1%, non-ketotic hyper- 
osmolar diabetes in 1%, and acute psychosis in 1%. 
Complications in the retrospective study were similar 


to those in the prospective study. Gastrointestinal 


bleeding occurred in 4% of steroid-treated patients, non- 
ketotic hyperosmolar diabetes in 2%, and acute psychosis 
in 2%. The total number of complications was ten, for 
a total complication rate of 6%. Again, as in the prospec- 
tive study, there was no occurrence of arrhythmia 
in any steroid-treated patient. In the control group, the 
complications were gastrointestinal bleeding in 2%, non- 
ketotic hyperosmolar diabetes in 1%, and acute psychosis 
in 1%. There was an apparent trend toward more fre- 
quent complications in the steroid group; however, the 
difference in complication rate between the steroid and 
non-steroid groups was not significant. 
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Fic. 3. Mortality in relation 
to age of steroid and non- 
steroid patients. 
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The method of administration of the steroid affected 
the occurrence of complications in the retrospective 


.— study. As shown in Table 1, there was a greater number 
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of complications with prolonged, multiple dose adminis- 
tration than with single bolus dose administration. 
Additionally, upper gastrointestinal tract hemorrhage oc- 
curred more frequently after prolonged, multiple doses. 

The overall complication rate was 6% in both studies. 
In only one case did the steroid appear to compound 
the septic shock. This was in an 82-year-old man who 
developed marked gastrointestinal bleeding after re- 
ceiving 30 mg/kg of MPS. Endoscopy revealed marked 
gastric punctate hemorrhages. We were unable to halt 
his gastric bleeding; and, while surgery was being con- 
templated, the patient succumbed to both hemorrhagic 
and septic shock. It was difficult to determine whether 
upper gastrointestinal hemorrhage in any patient was due 
to the stress resulting from sepsis rather than to the 
administration of steroid. However, if bleeding occurred 
within 12 hours of steroid administration, the hemorrhage 
was considered to be due to steroid. Since death 
secondary to complication occurred in only one patient, 
we must conclude that the complications of steroid 
should not preclude its use in septic shock—especially 
in light of the beneficial effect noted in this study. 
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Fic. 4. Mortality rate in relation to severity of shock of untreated 
and steroid-treated patients in the prospective study. 
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Fic. 5. Mortality rate in relation to severity of shock of untreated 
and steroid-treated patients in the retrospective study. 


Discussion 


Prior to this investigation, numerous studies had 
indicated that pharmacologic doses of steroids had a 
salutory effect in bacteremic and endotoxic shock in 
the rat,’ the dog,* and the subhuman primate.’ But 
in humans this protective effect had not been cor- 
roborated. This report has shown a significant improve- 
ment in survival rates with either DMP or MPS treat- 
ment in prospective and retrospective studies. 


TABLE 5. Mortality Related to Underlying Condition 
in the Prospective Study 


Steroid Group Non-steroid Group 


Underlying No. of — Mortality No. of Mortality 
Condition Patients Rate Patients Rate 
Chemotherapy 5 20.0% 9 66.7% 
Neoplasm 22 18.1% 15 60.096 
Renal disease 12 8.395 il 54.5% 
Immunosuppression 8 12.5% 6 50.0% 
Cardiopulmonary 
disease 1] 9.1% 8 50.0% 
Hepatic disease 7 14.396 10 30.0% 
Diabetes 2 0.0% 4 25.0% 
Arteriosclerosis 9 0.0% 6 16.7% 
Totals: 76 11.8% 69 47.896 
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TABLE 6. Mortality Related to Underlying Condition 
in the Retrospective Study 





Steroid Group Non-steroid Group 


Underlying No. of — Mortality No. of | Mortality 
Condition Patients Rate Patients Rate 
Hepatic disease 7 85.7% 15 93.3% 
Renal disease 5 80.0% 13 92.3% 
Immunosuppression 11 45.4% 10 80.0% 
Chemotherapy 25 16.0% 20 80.0% 
Neoplasm 26 3.8% 10 50.0% 
Cardiopuimonary 
disease 22 4.5% 22 31.8% 
Diabetes 10 10.0% 14 14.3% 
Arteriosclerosis 14 14.3% 33 12.1% 
Totals 120 20.0% 137 49.6% 





Validity of Sample: Prospective Study 


The prospective study apparently satisfied the criteria 
for standardization of a randomized study. It utilized a 
standard group of patients diagnosed by a standard 
set of criteria, and the treatment was chosen on the basis 
of a computerized randomization scheme. The difference 
between the treated and the untreated groups was 
significant. Although advanced age, severe shock, and the 
presence of underlying condition all had positive effects 
on the mortality rate, steroids still offered significant 
protection even among these patients. 

As shown in Table 8 in each bacterial etiology, there 
was a similar number of steroid and non-steroid treated 
patients, afact which supports the statistical design. Com- 
parison among the mortality rates of each bacterial 
etiology is difficult because of the small number of patients 
in each group. 


Validity of Sample: Retrospective Study 


Retrospective studies have been criticized for their 
inability to control samples so that only similar groups 
are compared for results. Mortality in the untreated 
group was compared with the report of McCabe and 
Jackson,? which had a 4296 mortality rate, and with the 
retrospective study reported here, which had a 42.5% 


TABLE 7. Mortality Related to the Organ System Source of Sepsis 


Prospective Study Retrospective Study 


Steroid Non-steroid Steroid Non-steroid 

Organ System (Deaths/Patients) (Deaths/Patients) 
Pulmonary 0/6 2/8 4/25 8/19 
Cardiac 1/3 2/2 8/28 20/34 
Gastrointestinal 5/48 18/53 3/37 12/23 
Urologic 2/22 8/18 4/30 15/36 
Gynecologic 0/4 1/3 2/10 6/13 
Hematologic 1/3 2/2 3/38 7/35 

Totals 9/86 33/86 24/168 68/160 
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TABLE 8. Mortality Rate According to Bacterial Etiology 
in the Prospective Study 


96 With Without 
Bacterial Species Total Steroid* Steroid* 
Escherichia coli 20 1/18 4/17 
Klebsiella- Aerobacter 22 3/21 7/15 
Proteus 13 1/10 4/12 
Pseudomonas 20 3/17 7/18 
Paracolon 3 0/2 1/3 
Bacteroides fragilis I3 2/10 4/12 
Staphylococcus 5 0/5 2/3 
Streptococcus . 3 0/2 2/3 
Mixed culture 2 0/1 2/2 
Totals: 100 9/86 33/86 
Total mortality rate: 10.4% 38.4% 


* Expressed in deaths/patients. 


mortality rate. These rates supported the validity of the 
control group in this retrospective study. The significant 
difference in mortality rate between treated and untreated 


patients in the prospective study also gives credence 


to the findings of this retrospective study. Furthermore, 
both the prospective and the retrospective studies have 
provided evidence that (1) the factors of age, severity of 
shock, and presence of underlying condition have a sig- 
nificant, positive influence on mortality in both treated 
and untreated patients and that (2) steroids provided 
significant protection regardless of these factors in both 
groups of patients. Another significant point is that biases 
toward one result or the other may be unwittingly ex- 
ercised by the individual who gathers the data. In this 
study, therefore, an effort was made both to assure 
similar characteristics in the two treatment groups and to 
eliminate the possibility of bias affecting the results. 
Rigid, unambiguous criteria was used for the comparison 
of the data samples: these were strictly mortality and 
complication rates. 

The mortality rate related to underlying condition 
(Table 6) revealed that there was a significant difference 
in mortality in the steroid and the non-steroid groups 


TABLE 9. Mortality Rate According to Bacterial Etiology 
in the Retrospective Study 


% With Without 
Bacterial Species Total Steroid* Steroid* 
Escherichia coli 19 4/25 14/38 
Klebsiella-Aerobacter 23 3/30 14/47 
Proteus 12 2/23 10/16 
Pseudomonas 19 6/43 12/20 
Paracolon 5 2/12 4/4 
Bacteroides fragilis 13 4/20 8/22 
Staphylococcus » 1/10 3/6 
Streptococcus 2 1/2 2/4 
Mixed culture 2 1/3 1/3 
Totals: 100 24/168 68/160 
Total mortality rate: 14.0% 42.596 


* Expressed in deaths/patients. 
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of patients —20% compared with 49%. Interestingly, it 
is in the chemotherapy, neoplasm, cardiopulmonary dis- 


ease, and immunosuppression patients that the steroid 


had its most significant protective effect. 

The validity of the sample is also supported by a 
comparison of the two treatment groups in relation to 
bacterial etiology. Table 9 shows that, except for Pseudo- 
monas and E. coli, the number of patients in each sample 
group was similar. However, as noted in previous stud- 
ies, Pseudomonas was the species most resistant to 
therapy and resulting in the highest mortality rate. This 
apparently indicates a greater challenge to the steroid- 
treated patients since they had a higher incidence of 
Psuedomonas infection. The difference in the number of 
E. coli infections between the steroid and non-steroid 
groups does not lend itself to explanation, a problem 
which emphasizes the difficulty of controlling samples 
in a retrospective study. The overall difference in 
mortality rates, however, between the steroid and the 
non-steroid groups was significant. 


Scientific Rationale for Steroid Therapy 


A scientific rationale for the protective effect of steroid 
in septic shock has been demonstrated in the rat,’ the 
dog,* and the primate." Hémodynamic studies? have 
shown that steroid improves the cardiac index, and micro- 
circulatory studies* have shown that they improve per- 
fusion. LaNoue's studies?’ have shown that the gluco- 
neogenic cycle is inhibited in sepsis and septic shock, 
and our laboratory has shown that steroids partially 
alleviate this inhibition. From and associates? believe 
that the interaction of endotoxin and complement is 
the initiating factor in the production of autocoids 
that produce the third space loss which causes shock. 
We"? have found that massive doses of steroids inhibit 
this interaction. Thus, there had been ample evidence that 
the steroids: are significantly protective to animals in 
shock; and this present study apparently indicates that 
steroids are also protective to humans. 

In our recent study,’ the combination of steroid and 
antibiotic was most effective in protecting rats infused 
with live E. coli. Although steroid protected the animals 
for 8 hours, only the combination of antibiotic and steroid 


DISCUSSION 


Dr. BENJAMIN F. RUSH, Jr. (Newark, New Jersey): The use of 
steroids in the shocked patient is a topic which has lurked too long 
in the shadowy area of anecdotal reporting and conflicting laboratory 
results. The great virtue of Dr. Schumer’s study is that he has asked 
a simple and pragmatic question: Does the use of steroids help the 
survival of humans who are in septic shock? He appears to have 
received from this seriés a very positive, affirmative response. 
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protected them for 20 hours and longer. Extrapolation 
of this study to humans supports the concept that steroid 
alone cannot protect the septic patient efficiently. Early 
administration of steroid is adjunctive to the other thera- 
peutic measures for septic shock, which include anti- 
biotics, fluid replacement, and reparation of the acid-base 
imbalance. 
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Some of the problems that one runs into in the laboratory may 
be illustrated by the experience of Dr. Kenneth Swan, in his labora- 
tory at the New Jersey Medical School. He has been attempting to 
answer this same question in the primate, and is still trying to determine 
the dose that will actually give a rhesus monkey septic shock. They 
have an enormous capacity to absorb the toxin without going into 
shock. 

Our own experience may be shown by the following slide: These 
dogs were treated for hemorrhagic, rather than septic shock, compar- 
ing several different regimens. We accomplished this study primarily 
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because we didn’t feel it was likely that steroids were really of 
much help in this circumstance, and were rather perturbed to dis- 
cover that at 24 hours there was a significant difference in the steroid 
treated dogs. 

How that would apply to humans, of course, remains moot, and 
perhaps that’s one of the virtues of the current study, that we are 
talking about people and not animals. 

However, this slide does bring up a question I would like to give to 
Dr. Schumer, and that is: What is his definition of mortality? Obviously, 
it depends on what point on this curve one looks at, as to what is the 
Significant difference. As you can see, in our dogs followed for 7 
days there is no significant difference between the two types of therapy 
and the control. 

I might add, for those of you who are vasoconstrictor haters, that 
the use of Levophed, compared to the control, does show a highly 
significant increase in the death rate. 

We are still trying to define how the effect of steroids is accom- 
plished. This may be due to a change in energy metabolism or to 
lysosomal stabilization, or what have you? Probably on the clinical 
level it is more important that the increase in survival is real than 
it is to know how it is effected. 

My only quarrel with Dr. Schumer's report is that, while the mortality 
for the treated patient is reassuringly low, his mortality for untreated 
patients is somewhat higher than that reported with some series. 
I think we would all have been comforted by this study even more if the 
double blind procedure had been used, since there is always a 
chance for undetected bias to slip in when the drugs are clearly 
known to the therapist. 

Nonetheless, I must repeat my congratulations to Dr. Schumer and 
to his coworkers for asking a straightforward clinical question and 
receiving a much clearer answer than we seem to have been able to 
obtain in the past. 


Dr. ARTHUR E. Baue (New Haven, Connecticut): The use of phar- 
macologic doses of steroids for septic shock has been very controversial. 
One of the major reasons for the controversy has been that evidence 
for a beneficial effect has come primarily from animals experimenta- 
tion, and particularly with the use of endotoxin to produce the insult 
where the relevance to septic shock in man can be questioned. 

I would like to compliment Dr. Schumer on his presentation and 
for bringing to our attention this prospective study in man, to try to 
provide answers to this problem. This is a very difficult area to study. 
The patients’ problems are complex and they are very sick. Many 
number of things are being done for them. Obtaining comparable groups 
for study presents a difficult challenge. I think Dr. Schumer has 
tried in a very admirable way to surmount the problem of two 
comparable groups in which the only variable is steroids or no steroids. 

I have several questions for him which would help me in interpret- 
ing his data. The major question in interpretation of his results which 
show decreased mortality with steroids in the treatment of shock is: 
Are the two groups truly comparable? 

The first question is: Was the study truly a double blind study? Did 
the surgeons taking care of the patients know at the time what 
drugs were given? 

Secondly, are the groups indeed comparable? You indicated that 
you used three criteria for entry into the study: a septic history, 
falling blood pressure, and a positive blood culture. The positive 
blood culture is usually a retrospective determination. I would appreci- 
ate knowing how you defined and used these criteria. 

Third, you mentioned that the dose of steroid was repeated, if 
necessary. How frequently was this done and how did you determine 
that it was necessary? 

Fourth, since the prospective and retrospective studies were carried 
out simultaneously over the same time period, how did you determine 
whether a patient went into the prospective or retrospective group? In 
the retrospective study, how was the decision made as to whether the 
patient received steroids or not? 

Finally, I am interested in whether in the prospective study of the 
patients with sepsis there were any differences in success in draining 
or eradicating the septic process. 

There has been a number of advances in the treatment of sepsis 
and septic shock in recent years. We now heed the advice of Dr. 
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William Altemeier, and more often prevent the problem of septic 
shock from developing. We can detect circulatory deterioration earlier, 
and recognize that the primary criteria for success and survival are 


selection and use of the appropriate antibiotic, circulatory support, ` 


and eradication of the septic process by drainage of other procedures. 

Dr. Schumer has now presented evidence indicating that steroids 
do seem to have a positive role as an adjunctive measure in 
septic shock. I compliment him for providing these studies in man 
in this most difficult area of endeavor. 


Dr. George H. A. CLowes, Jr. (Boston, Massachusetts): We 
have not had the dramatic difference between the cases that were given 
steroids and those that were not. As I sat listening, I tried to put 
together some thoughts as to why this difference might exist and 
how steroids could alter the pattern of circulatory failure in fulminating 
sepsis. l 

To being with, I think we have to examine what septic shock is. 
It is usually not a sudden entity. By and large, I think it can be 
considered, like any other shock, as a biochemical or metabolic 
abnormality that is produced by insufficient circulation to satisfy 
the tissues’ metabolic requirements. In the septic state the peripheral 
resistance is low, and cardiac output must be high in people who are 
doing well. The low peripheral resistance and high circulatory demand 
may reflect hypoxemia, altered oxyhemoglobin dissociation, vasodilator 
substances, or altered metabolism. I favor the latter because lac- 


-tate production rises in muscle tissue despite adequate oxygen 


supply. Here steroids might play a role, but it has not been demon- 
strated. ' 

There are three principal reasons why the cardiovascular system is 
unable to supply the required amount of cardiac output to satisfy 
the elevated circulatory demands of the peripheral tissues. The first of 
these, of course, is the simple one, hypovolemia, translocation of 
fluid into the edema space, the peritoneum, or wherever it may be, 
including a variety of noninvolved tissues, such as the lung. This is 
correctable by infusions, but is possible to overdo fluid therapy. 
Possibly steroids prevent membrane changes of permeability. 

The second part of this pattern is right heart failure caused by an 
increased pulmonary vascular resistence. This is a very common thing. 
The pulmonary vascular resistence rises in proportion to the degree 
that shunting takes place. As the hypoxia is reduced by whatever 
means, be it respirator or other, the pulmonary vascular resistence 
tends to fall. Do steroids reduce the extent of pneumonitis? ` 

And the final one is biventricular myocardial depression. This I 
didn't believe until a few years ago when the dramatic effects of GIK 
were observed. It is very real. Vito and Hechtman at Boston 
University, our group, as well as others have shown in severe 
sepsis a Starling curve of failure. This is done by comparing 
cardiac output with right or left atrial pressure as concentrated albumin 
is infused. We would treat the myocardial depression by the use of 
ionotropic agents, or metabolic agents, such as the use of GIK. The 
nature of the myocardial dysfunction is not clear, but our experi- 
mental evidence suggests that it is in part due to a metabolic defect. 
Perhaps steroids can affect the membrane potential or the metabolic 
process responsible for maintaining it. 

Where do we fit steroid therapy into these known events in treating 
septic shock? And the questions I would pose are these: Did the 
people all really receive the same treatment, in both groups? Were 
ionotropic agents used equally in both groups? Where did the dif- 
ference lie in the response of the treated patient? Was there less 
lactate, as a metabolic change? Did he have a better circulatory 
response to the demand? And, finally, at what stage of the treatment 
did you start the steroids, and how did you really know then that 
the patient would have been in a worse state if you had not used 
them? 

These are difficult, if not impossible, questions to answer. But they 
point the way to future research which may clarify the effects 
and use of steroids in sepsis. 


Dr. Warrs RANKIN Wess (Syracuse, New York) We keep 
saying that we haven’t lost a patient in septic shock in a long, long 
time, and while we haven’t looked at this in totality, I really believe 
this is true. 
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We lose a lot of patients with continuing sepsis, but these are 
the patients who die of sequential organ failure— their lungs go bad, 
their liver goes bad, their kidneys go bad—and we lose them at a 
week and two weeks and three weeks. We do not lose anybody from the 
acute episode of sudden shock, in the sense of hypotension that 
we talked about, and as we see in the laboratory when we give 
an acute injection of Difco endotoxin. If the deaths in Dr. Schumer's 
series are after the first few days, it is hard to believe that the 
steroids had much effect on the outcome. 

Second, I was wondering, if this be truly a double blind, well- 
controlled study, do you really have to let 72 patients die before you 
find out whether this is a good modality of therapy or not? I think that 
any clinical study code should be looked at periodically by somebody 
who is going to remain double blinded, if you wish, but to deter- 
mine if we are not using, truly, an overkill in the attempt to establish 
a controlled study. 

Lastly, as far as the mechanism of steroids is concerned, on 
the mechanism of acute shock, while I don't know that this is totally 
comparable, at least our work in dogs is showing now that one of the 
effective mediators is through the platelets. The platelets lyse as 
they react, aggregate and discharge very active vasoactive amines, 
primarily serotonin. The serotonin gives the increase in the pul- 
monary vascular resistence, and this effect is largely prevented, 
we know, by the steroids. 


Dr. WILLIAM A. ALTEMEIER (Cincinnati, Ohio); We have been im- 
pressed with the number of variables as to etiology, treatment, causes, 
or associated causes of sepsis; that we have been unable to make 
any conclusions as to the effectiveness of steroids in the treatment of 
clinical septic shock. 

I don’t know what the total number of cases that would be required 
would be to arrive at statistically valid data in assessing the value of 
steroids in septic shock in the presence of unknown variables. 
Consequently, we have taken this problem to the laboratory, and there 
are a few points I want to emphasize that may be of interest to you. 

When either the exotoxin of the Clostridium perfringens or the exo- 
toxin of the Staphylococcus aureus or the endotoxin of E. coli is 
injected intravenously in dogs, a double curve, such as you see here, 
representing the blood pressure, is obtained. The curve for all three 
toxins is similar. In fact, it’s almost identical. 

This represents the average findings in 22 Clostridium perfringens 
experiments in dogs, and it includes measurements of the Pos, Pco;, 
and pH at various portions of the curve. 

Notice the similarity of the blood pressure response and the Pos, 
Pco, and pH measurements in an average of 27 Staphylococcus 
aureus experiments. In each of these instances the toxin was injected 
into the blood stream on the venous side, and the measurements 
were recorded. 

With E. coli endotoxin there is this same type of double curve. 
If a lesser amount of the toxin is given, of course, the animal 
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survives. If a sublethal dose of toxin is given preliminary to a large 
dose, one does not get the primary fall, but the secondary fall will occur. 
If one gives a specific antitoxin to either of the three toxins as 
used, one does not get the secondary fall. 

The evidence suggests that the primary fall is due to histamine 
release, and the secondary fall to the actual effect of the toxin. 

At the present time, we are embarking upon a study in which we 
are tagging the toxins with radioisotopic material, to define and detect 
the target tissues and target organs, to see if we can correlate the 
pathophysiologic effects we are getting by injecting the toxin in the 
blood with the effect on the tissues; and in this way we hope to 
then have a model in which we can test accurately the effectiveness 
of steroid therapy, either prophylactically or therapeutically, in these 
modalities of shock. 


Dr. WILLIAM SCHUMER (Closing discussion): The definition of 
mortality is critical. We considered that mortality was due to septic 
shock as long as the symptoms of the sepsis continued until the patient 
died. The sepsis sometimes lasted 14 days, but ordinarily the patient 
died within one week. 

This was a double-blind study. Neither the residents nor the attendings 
knew which patients received steroids. 

Regarding this question of dose repetition, we feel that the basis of 
the steroid’s effect is primarily immunologic. You have just heard some 
discussion about the release of autocoids—histamine and serotonin— 
in septic shock. Our laboratory studies have indicated that steroids 
decrease the release of autocoids, and we think it does so by interfering 
with the complement reaction. The C3 component is used during 
gram-negative septicemia, and more so in septic and endotoxic 
Shock. I want to emphasize—and McCabe’s work supports—that 
it is probably through the complement system that these autocoids are 
released. Thus, if steroids interfere with this release, then they must 
be administered early, as soon as shock is diagnosed. Once the com- 
plexing of complement with endotoxin and the subsequent release 
of autocoids has occurred, repeated doses of steroid are ineffective. 
Additionally, as shown in this presentation, dose repetition runs a 
greater risk of complication. 

The retrospective study was a chart study, which was done after 
the development of the prospective study. After analyzing the results of 
the prospective study, we did not want to restrict the administration 
of the steroid any longer. But we did not feel that 172 cases were 
enough, so we did the retrospective study. Remember that we were 
not sure of the complications of the use of steroid, and it was 
necessary to carry out the study to the point where we had 
statistical significance. In retrospective studies, there is always the 
question of the quality and standardization of the control. Neverthe- 
less, the mortality rates were significant. And with the support of the 
strictly controlled prospective study, we feel that the retrospective 
study is valid. 


Factors in the Differential Rate of Arteriosclerosis (AS) 
Between Long Surviving Renal Transplant Recipients 


And Dialysis Patients 
F. T. THOMAS, M.D., H. M. LEE, M.D. 


In this study, the incidence of clinical and autopsy arteriosclerosis 
(AS) was studied in over 300 renal transplant patients (RTP) 
followed in our clinic up to 13 years post-transplant. Of 45 RTP 
followed a mean of 10.45 years, the incidence of clinical AS 
was 6% or 0.58% per year at risk. The incidence of déath from 
AS was 2.2% over 10 years or 0.22% per year at risk. There 
was no apparent tendency for increase of the risk incidence 
with increasing time post-transplantation up to 13 years. This 
incidence of clinical and death-related AS in long term RTP 
contrasts sharply with a quite high incidence of both clinical 
and death-related AS in long-term dialysis patients as reported 
by Scribner’s group and both the European and U.S. Dialysis 
Registry. Of our RTP surviving a decade or more, 77% have 
normal serum triglycerides and 92% are normotensive, again 
contrasting sharply with a 70-80% incidence of hyperlipidemia 
and a 60-80% incidence of hypertension in long-term dialysis 
patients. These studies suggest that the high rate of accelerated 
AS in dialysis patients is largely reversed by successful renal 
transplantation, probably due to a lowering of both blood pres- 
sure and hyperlipidemia in the long-term RT patients. Practically, 
these results suggest that the superior survival of transplant 
patients over dialysis patients already evident at the 10 year 
mark will widen further during the second post-transplantation 
decade. 


í YSTEMIC RENAL transplantation between non-identical 
donor-recipient pairs was first performed in 1962 
and 1963,!7°7 although sporadic efforts at both cadaver, 
living related and identical twin transplants were recorded 
in the 1950’s. Despite the striking paucity of transplant 
knowledge in the 1962—1963 era, an actual 10-year 
survivorship of 45-55% has been recorded by at least 
two groups.!5*? At present, over 100 renal transplant 
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patients (RTP) from these two groups alone are entering 
their second post-transplant decade. The large majority of 
these patients have excellent renal function and their 
life and health are largely threatened by. non-renal 
diseases including hepatic disease,*? cardiovascular 
disease,” non-rénal infectións!5 and malignancy.” 

At present, 38 dialysis patients first treated in the 
1962—1966 era are currently surviving following 10 years 
or more of dialysis treatment. A high percentage of 
these patients havé been treated by the University of 
Washington Dialysis Unit headed by Belding Scribner. In 
1974, Scribrier's group reported a high incidence of both 
clinical and death-related arteriosclerosis (AS) complica- 
tions in long-surviving dialysis patients:!? This group drew 
attention to the high rate of hyperlipidemia in these 
patients. Registry studies of patients surviving 2-8 
years on dialysis have also indicated a high incidence of 
AS? but none of the individual dialysis groups has re- 
ported significant numbers of dialysis survivors at the 
10-year mark so that the Scribner group figures are the 
best available for 10-year dialysis patierits. 

We were stimulated by Scribner’s findings to study 
our renal transplant population surviving up to 13 years 
post-transplantation. Since both the dialysis and trans- 
plant population start from a common base of end-stage 
renal disease, differences in the atherosclerotic rate be- 
tween these populations might allow the determination of 
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etiologic factors of clinical and theoretical significance in 
development of atherosclerosis. 


Methods 


Techniques of patient selection, renal transplantation 
and post-transplant care in the Richmond Unit have been 
previously described.” The irregular course and multi- 
variate survival determinations in these patients up to 2 
years post-transplant have also been described.?* After 2 
years post-transplant, patients have returned atleast once 
a year for followup. À yearly followup, a rather complete 
medical workup is undertaken. This workup includes a 
careful history and physical examination, multiple blood 
pressure determinations, EKG, chest x-ray and flat 
plate of the abdomen, complete hematological and elec- 
trolyte determinations as well as transplant kidney func- 
tion parameters (BUN, creatinine, creatinine clearance, 
24 hour urine proteins, [VP and, if indicated, arterio- 
gram and renal biopsy). History and physical examina- 
tion parameters are carefully evaluated for cerebral, 
coronary and peripheral vascular arteriosclerosis. In 
addition, recently we have routinely measured serum 
cholesterol and serum triglyceride determinations which 
are done by the Technicon autoanalyzer.?? Clinical 
followup has been 100% therefore this report includes all 
Richmond long-term patients. 

In addition to these clinical determinations, long-term 
followup has been aided by a 100% autopsy rate on 
patients dying in the Richmond Unit. Thus, all patients 
transplanted in Richmond since 1962 have an accurate 
followup and the cause of death is known as completely 
as possible in all patients. 

In patients with clinical, cerebral or peripheral arterio- 
sclerosis, angiographic studies have been obtained. In 2 
patients, evaluation of peripheral vascular disease is 
compromised because of the necessity to perform 
iliac artery ligation for vascular infection at the site of 
the transplanted kidneys. Both patients tolerated iliac 
ligation well, however, and the lack of progressive symp- 
toms of peripheral vascular disease has suggested to us 
that despite an absent or weak femoral pulse unilaterally, 
the patients did not have peripheral vascular disease. 
After 2 years post-transplant, both patient and graft 
survival stabilize with only about a 2-3% patient attrition 
rate per year up to 10 years or more post-transplant. 

Most long-term patients in our unit have been main- 
tained on 10—15 mg of Prednisone given daily from 4 
months post-transplant up to 2 years. After 2 years, 
steroid dosage is reduced to 7.35—10 mg of Prednisone 
daily because of the lessened rejection activity after 2 
years post-transplant and because recent studies of cell- 
mediated immunity in recipients after 2 years post- 
transplant suggest that specific anti-donor reactivity is 
often low **** Anti-hypertensive therapy is used in an 


DIFFERENTIAL RATE OF ARTERIOSCLEROSIS 





343 


All Patients (82) 


68 Patients Alive 5-13 
Years Post-Transplant 





14 Patients Dving 5-12 
Years Post- Transplant 


Incidence of Clinical 
Arteriosclerosis = 6.8% 


Incidence of Death from 
Arteriosclerosis = 7% 


Fig. 1. Arteriosclerosis in Richmond patients surviving beyond 5 
years post-transplant. 


attempt to keep blood pressure below 140/90. In severely 
hypertensive patients, a workup to rule out a surgically 
correctable cause of hypertension is performed (renin 
studies, catecholamines, and renal angiogram). We have 
performed 19 corrections of renal artery stenosis causing 
hypertension in transplant patients. 

The age range of long-surviving transplant patients is 
12—52 years with a mean age of 31.5 years at the time of 
transplant. The mean age of the 10 year survivors is, 
therefore, 41.5 at present. In the long-surviving patient 
group 56% are males. Only 4.5% of patients are diabetics. 


Results 


There have been 82 patients who have survived 5—13 
years post-transplant in the Richmond Unit. Of these 
patients, 68 survived a mean of 9.28 years (range 5—13 
years). Fourteen patients died after 5 years and all had 
complete autopsies. Figure 1 depicts the breakdown of 
these patients and the respective incidence of clinical 
arteriosclerosis and death from arteriosclerotic complica- 
tions. Clinical arteriosclerosis is seen in only about 796 
of living patients and death from arteriosclerotic compli- 
cations seen in only 1.3% of patients. For the patients 
with a 10-year followup, the mean incidence of clinical 
arteriosclerosis per year at risk is 0.7% and the mean 
incidence of arteriosclerotic deaths per year at risk is 
about 0.2%. This annual at-risk rate is about 1.5—2.0 
times that of a similar age and sex-adjusted normal 
population as reported in the Framingham, Massachu- 
setts study.*? There is no apparent tendency for the rate 
of arteriosclerosis to increase with increasing time post- 
transplantation. 

In Fig. 2, the rates of clinical coronary arterio- 
sclerosis are compared between the 10-year dialysis survi- 
vors reported by the Seattle group!? and the Richmond 
transplant population at 10-year followup. The age and 
sex-adjusted arteriosclerotic rates in the normal popula- 
tion are shown for each group. The dialysis patients at 
10 years show a high rate of clinical coronary arterio- 
sclerosis of 50% or 5% per year, a rate far in excess of the 
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Fic. 2. Comparative rate of clinical coronary disease in U.S. popula- 
tions at-risk for 10 years. 


normal population. The Richmond transpiant population 
shows a rate of clinical coronary artery disease of 7% 
at 10 years or 0.7% per year at risk. The differences 
between the dialysis and transplant population are signifi- 
cant at a P value of less than 0.05 by Chi-square testing. 

In Fig. 3, the death rates from coronary artery disease 
are compared for the Seattle dialysis population at 10 
years,?? the Richmond transplant population at 10 years 
followup and the age and sex-adjusted rates for the 
normal population (Framingham Study). At 10 years, 30% 
of the dialysis patients have died of coronary artery 
disease whereas only 2% of the Richmond transplant 
population died of coronary artery disease. These dif- 
ferences are also significant at a P value of less than 0.05 
by Chi-square analysis. 







30 p< 0.05 BETWEEN DIALYSIS 


AND TRANSPLANT GROUPS 





% OF POPULATION DYING 


* AGE- ADJUSTED RATES 
w FROM FARMINGHAM 
4 20 STUDY 
v 
a 
>» 
eo 
z 
$ 10 
a 
O 
U 
Ls 
O 
NORMAL DIALYSIS NORMAL TRANSPLANT 
POPULATION* (SEATTLE) — POPULATION* (RICHMOND ) 
( 30-40 YEARS) (25-35 YEARS) 
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Fig. 4 shows the same comparisons at 6 and 10 years 
followup. The transplant population can be seen to havea 
significantly lower rate of coronary artery disease (P 
< 0.05) at both the 6 and 10-year interval. The 6-year 
interval studies are of great significance because the in- 
cidence of coronary artery disease in the Seattle popula- 
tion is similar to that recorded in a number of other 
dialysis patient studies*-?! thus lending support to the 
concept that the dialysis population rates recorded in 
Seattle are valid for dialysis populations in other 
geographic areas who may be managed somewhat differ- 
ently. Unfortunately, these other studies do not have a 
large enough survival base at 10 years to draw statistical 
conclusions about the incidence of coronary disease and 
the Seattle figures remain unchallenged at the 10-vear 
interval despite the small number of patients. 

Table 1 displays the comparison between 2 potential 
etiological factors in the differential rate of arteriosclero- 
sis between long-term dialysis and transplant patients— 
blood pressure and serum lipids. In our dialysis unit 
80-90% of patients are hypertensive (140/90) and a 
number of other units?** have recorded a similar rate 
for dialysis patients. In contrast, 41 of 45 or 92% of trans- 
plant recipients surviving a mean of 10 years post-trans- 
plantation have a normal blood pressure. Similarly, 20 of 
23 or 88% of transplant recipients surviving 2—5 years 
are normotensive. Only about 17%. of these transplant 
patients require anti-hypertensive medications or fluid 
restriction to achieve normotension. In our recipients up 
to 2 years post-transplantation, a higher rate of hyper- 
tension of 63% was found. 

A number of studies have documented hyperlipidemia 
(low density protein (LDP) or hyper beta-lipoproteine- 
mia) in 70-80% of dialysis patients.*7:814 In our dialysis 


population, fasting triglyceride levels (age-adjusted) 


were abnormal in 6796 of patients. We have measured 
serum triglyceride levels in 82 long-term renal transplant 
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TABLE 1. Possible Factors in Differential Rate of Arteriosclerosis 
Between Long-term Dialysis and Transplant Patients 
Blood Pressure Serum Lipids 


Abnormal in 70—8096 
of patients 


Abnormal in ?% of 
patients 


Dialysis patients 


Normal in 7796 of long- 
term patients 


Normal in 90% of long- 
term survivors 


Transplant patients 


recipients after 5 years post-transplantation and found 
levels to be normal in 77% of recipients (P < 0.05). 
The measured serum triglycerides were 153 + 63 mg/100 
ml in 8-13 year patients and 217 + 33 mg/100 ml in 
patients in the 0—2 year post-transplant period (P < 0.05). 
Serum cholesterol was also lower in the 8—13 year 
patients (mean of 217 mg/100 ml) compared to 268 
mg/100 ml in patients shortly after transplantation 
(P « 0.05). 

We further analyzed these measurements because of a 
number of recent publications suggesting that the hyper- 
triglyceridemia of renal failure was not modified signifi- 
cantly by successful renal transplantation .5:6:10,30,33 
Figure 5 shows the serial changes in hypertriglyceridemia 
post-transplantation. As noted, almost 50% of renal trans- 
plant recipients continue to have hypertriglyceridemia 
post-transplantation for 1-2 years. The incidence of 
hypertriglyceridemia undergoes a further fall in the re- 
cipient population during the 2—5 year interval and after 5 
years post-transplantation, about 7096 of patients have 
normal levels of lipids. There was a rough correlation 
(regression coefficient of 0.63) between the steroid dosage 
and the incidence of hypertriglyceridemia suggesting that 
the persistent lipid abnormalities seen in transplant pa- 
tients may be primarily related to high maintenance 
steroid doses. 


Discussion 


In this study, advantage was taken of the availability 
of a sizable number of long-term renal transplant reci- 
pients with excellent followup who could be evaluated 
for arteriosclerotic complications over a period of up to 
13 or 14 years post-transplant. All patients were care- 
fully evaluated annually and complete autopsies were 
obtained on all patients dying after transplantation. The 
results suggest that long-term transplant patients suffer 
arteriosclerotic complications at a rate higher than the 
normal age-adjusted population but far lower than 
comparable dialysis populations reported from other 
centers .?:1?,21.27 

The low incidence of both clinical and death-related 
arteriosclerosis in these transplant recipients was striking. 
At a mean followup of 10 years post-transplant, only 
296 of recipients had died of arteriosclerotic complica- 
tions, suggesting that the annual attrition rate of transplant 
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recipients from arteriosclerosis is only-about 0.2% and 
lower than the attrition rate in dialysis studies up to 6 
years post-treatment. In addition, the incidence of clini- 
cal arteriosclerotic complications in these long-sur- 
viving patients is also less than 1% per year in striking 
contrast to the dialysis population who have an at-risk 
rate of about 30—50% at 10 years post-treatment or 
3—596 per year. 

Our patient population consists of over 80 patients fol- 
lowed for at least 5 years. A number of dialysis centers 
and dialysis registry figures have provided followup of a 
comparable dialysis population of larger size up to at 
least 6 years. Therefore, it is unlikely that the differ- 
ences in arteriosclerotic rates between dialysis and trans- 
plant patients observed at 6 years are factitious. In the 
case of a 10 year followup, however, the data are not as 
complete. Very few transplant groups have provided 
details of 10 year followups of significant numbers of 
patients. Starzl's data?$ are perhaps most complete in 
this respect although he has not dealt in detail with 
parameters of arteriosclerosis in these patients. Starzl's 
reported incidence of arteriosclerotic-related deaths in 
transplant patients after 10 years post-transplant can be 
calculated to be about 1.21% per year at risk with only 2 
arteriosclerotic deaths in patients transplanted prior to 
1965. This arteriosclerotic rate in long-term patients is 
not unlike the rate we describe here in a similar group of 
transplant patients followed a mean of 10 years. Thus, 
the data to date would appear to support the contention 
that successful long-term (8— 13 year) transplant recipients 
have a rate of arteriosclerosis far below that of their 
dialysis counterparts. 

The mean age of the transplant population in both our 
series and that of the Colorado group is 5-7 years less 
than the early dialysis patients with a 6—14 year followup 
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at the University of Washington. Age adjustment of the 
relative arteriosclerotic rates cannot, however, account 
for a significant proportion of the observed differences. 
Sex-adjustment of the arteriosclerotic rate fails to pro- 
vide any explanation for the observed differences since 
the male-to-female ratio is apparently not dissimilar be- 
tween dialysis and transplant populations. In our own 
population, 62% of patients were male. One suggestive 
sex-related association was apparent, however. The 
Seattle group has reported an especially high incidence 
of arteriosclerosis in female dialysis patients at long- 
term followup of about 5046. In our transplant group, in 
contrast, no arteriosclerotic complications during a mean 
at-risk period of 10 years was seen in the female popula- 
tion. These data suggest that, in terms of arteriosclerotic 
complications, the female transplant population may be 
especially well-favored over a 10-year period. The num- 
bers here are small, however, and only the addition 
of a larger data base can settle this question. The ques- 
tion is an important one because the advisability of 
electing dialysis or transplant therapy has, to date, not 
been a function of the patients’ sex in most cases. 

The question of patient selection as a determinant of 
the differences observed was raised previously when 
these data were presented in 1974.2 In the case of the 
University of Washington data, Scribner has expressed 
the opinion that the early dialysis population was highly 
selected to obtain good risk patients since far more po- 
tential candidates than actual dialysis slots were avail- 
able.?* Our early transplant population likewise was 
selected to obtain good risk patients, although the trans- 
plant physicians similar to the dialysis physicians, had 
few objective criteria by which to judge ‘‘good risk” 
patients. Even at present, objective criteria of patient 
risk for transplantation are difficult to obtain.” In our 
clinic there is little evidence that a significant propor- 
tion of the optimistic end-stage renal disease patients 
who expressed interest in renal transplantation during 
these pioneering years were denied surgical therapy. 
In addition, quite adequate financial support was obtained 
from government agencies for transplantation during 
these halycon years so financial constrictions were few. 
In short, although the final evidence remains anecdotal, 
there is little evidence that a systematic patient selection 
process favoring either the dialysis or transplant popula- 
tion was operative. Thus, there is good reason to believe 
that the Seattle dialysis population is comparable in most 
respects to the Richmond transplant population and that 
the differential rate of arteriosclerosis seen at 10 years 
post-treatment is a real one, and is related to the two 
different modes of therapy for end-stage renal disease. 

In an attempt to explain some possible etiological 
mechanisms for these differential rates, we studied some 
well-known major factors for arteriosclerosis develop- 
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ment. Hypertension and elevated serum triglycerides 
are known to be associated with significantly ele- 
vated rates of arteriosclerosis in the normal popu- 
lation. There is a high incidence of hypertension in 
the renal dialysis population although there have 
been conflicting reports concerning the capability 
of successful medical treatment of dialysis hyperten- 
sion.*® In our dialysis units, most patients have hyper- 
tension (defined as blood pressure of 140/90 or greater), 
and others have reported a similar experience.* The re- 
cent availability of potent anti-hypertensive drugs may 
alter the incidence of dialysis but some dialysis groups 
have felt that fluid retention and an excess positive 
sodium balance (not easily managed in many dialysis 
patients) may be the major determinants of dialysis hyper- 
tension.** On the basis of the best information we have, 
however, it seems fair to assume that even today most 
dialysis patients do not have well-controlled blood pres- 
sures. Our transplant patients had well-studied blood 
pressure parameters and showed an interesting post- 
transplant pattern. All were hypertensive pre-trans- 
plant and the large majority continued to be hypertensive 
during the first 2 years post-transplant. After 2 years, 
however, there was a rapid fall off of the hypertension 
rate in successful transplant patients. Át 5 years post- 
transplant, only 17% of patients are hypertensive and by 
the 7th post-transplant year over 90% of patients are 
normotensive with less than 1596 of these patients on 
anti-hypertensive medications. At present, we achieve an 
8096 incidence of normotension by 2 years by use of 
antihypertensive agents so that both our current trans- 
plant population as well as these early recipients ex- 
perienced normotension throughout most of their post- 
transplant course. This gradual fall of blood pressure also 
showed a rough correlation with steroid dosage. 

All of the early Richmond transplant patients had bi- 
lateral nephrectomies prior to (or at the time of) trans- 
plantation. The role of nephrectomy in blood pressure 
control has been emphasized recently” and the nephrec- 
tomies in these patients may have been a factor in the 
high incidence of normotension seen. 

The original kidney disease in our early patients was 
glomerulonephritis in 68%, pyelonephritis in 24%, arterio- 
sclerosis or arteriolosclerosis in 6% and miscellaneous 
causes of kidney failure in 226. Only moderate diabetics 
were transplanted in our early experience although we 
currently do not consider severe diabetics a contraindi- 
cation to transplantation. Eight per cent of patients re- 
quired Insulin to control blood sugars in the post- 
transplant period and 4.8% have required permanent 
Insulin therapy. We conclude that there would appear to 
be few factors other than hypertension and hyperlipidemia 
which could constitute significant risk factors for de- 
velopment of arteriosclerosis in these patients. 
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Our finding of a high pércentage of transplant pa- 
tients with normal blood lipid levels was rather un- 
expected and is contradicted by a number of studies of 
renal transplant patients. Cassaretto and associates first 
reported that the hypertriglyceridemia of renal failure 
was not modified by successful renal transplantation.® 
These findings have been supported by a number of 
groups!0303233 although one other group found a low 
incidence of hyperlipidemia in renal transplant patients 
and attributed this to the use of alternate day steroid 
therapy.” 

We have used techniques of assaying serum lipids 
similar to those used by these other groups? and have 
not used alternate day steroids. It would appear, there- 
fore, that our results and interpretations are in essential 
disagreement with most other previous studies of this 
matter. 

lhere are at least two possible reasons for the dis- 
cordance of our study and previous studies of serum 
lipid levels in renal transplant patients. Firstly, most 
previous studies have been performed on renal trans- 
plant recipients in the early (0—2 year) post-transplant 
period.*®3 This post-transplant period is characterized 
by a variety of hazards to patient and graft survival 
which are primarily associated with rejection immuno- 
suppression and infection. Secondly, patients are also on 
higher doses of steroids (10—30 mg) during this period 
than at a later date post-transplant. Therefore, this 
period is not an ideal one either accessing the incidence 
of arteriosclerotic complications or monitoring patterns of 
lipid metabolism. Moore and Hume** described the 
vagaries of patient and graft survival as well as the 
difficulties of determining long-term prognosis during 
the 1-2 year period post-transplant in 1968 and these 
observations could be applicable as well as to these 
studies of arteriosclerosis. 

Our observations of serum lipids in the early post- 
transplant period (Fig. 5) indicate that over 50% of 
patients continue to be hyperlipemic up to 2—5 years 
post-transplant. After this time, serum lipids tend to 
return to normal levels in about 80% of patients. At a 
mean followup of 10 years after 85% of patients have 
normal lipid levels. These considerations might explain 
some of the differences between our results and pre- 
vious observations from other units who studied patients 
in the early (1-3 year) post-transplant period and found 


. elevated triglycerides in the majority of patients.919:3 


In a similar vein, reports!? suggesting that the accelerated 
atherosclerosis of renal failure was not reversed by 
successful transplantation used transplant subjects in the 
1—3 year post-transplant period. Our results suggest that 
at a decade followup, renal transplant patients have a 
low rate of atherosclerosis compared to dialysis popula- 
tion, and a low rate of hypertension and hyperlipidemia. 
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Our results also suggest that none of tliese conclusions 
is apparent from observations of transplant patients in 
the early post-transplant period and, in this respect, 
our observations are not, perhaps, discordant with these 
previous studies from other groups. 

With respect to the low rate of hyperlipemia in our 
Jong-term transplant patients, it is of some importance 
to study the Prednisone dosage of these patients. Little 
is known concerning the Prednisone requirements in the 
late post-transplant period'5 and, therefore, dosage sched- 
ules vary from clinic to clinic. We recently studied 
immune reactivity parameters in long-term (8—12 year) 
post-transplant patients.***4 These studies suggest that 
host maintenance of graft was more related to serum 
blocking (enhancement) factors and a previously unde- 
scribed defect in generation of cytotoxic T cells against 
donor antigens than to the effect of immunosuppressive 
agents. The precise implications of these studies in 
clinical transplant management is not known but the data 
suggest a need to reevaluate both dosage and types of 
chronic immunosuppressive agents in these patients. 

A long standing policy of minimizing steroid doses 
post-transplant has been in force in the Richmond unit 
for at least 10 years. This policy was developed as a 
result of the basic tenet that a lárge proportiori of post- 
transplant complications are due to steroids*! and the 
feeling that a state of iatrogenic Cushing's disease (simi- 
lar to the naturally occurring disease) was associated, 
per se, with a 50% mortality over a 5— year period.?? 
The mean Prednisone dosage of our patients after 2 years 
post-transplant is 10.7 + 2.4 mg daily. This dose is about 
15 the Prednisone dosage of the patients in 2 other studies 
which showed a high rate of hyperlipidemia post-trans- 
plant.94?9 Steroids are well known to produce abnormali- 
ties of both carbohydrate and fat metabolism? and, there- 
fore, some of the observed differences in rates of post- 
transplant hyperlipemia may be related to the Prednisone 
dosage given the recipient. Thus, this study suggests yet 
another reason for reevaluation of the chronic immuno- 
suppressive regimen given patients in the late post-trans- 
plant period. 

As rioted in Figure 6 if one considers a model where 
hypertension and hyperlipidemia are additive risk factors 
for development of accelerated artherosclerosis, the 
data generated by this study and the Seattle study are 
supportive in many respects of such a model. The rate 
of accelerated atherosclerosis seen in hyperlipidemic pa- 
tients (40/1000) if added to the rate of atherosclerosis 
recorded in hypertensive patients (101/1000) will account 
for the major portion of the rate of accelerated athero- 
sclerosis seen in dialysis patients. A logical implication 
of such a hypothesis is that reversal of the hypertensive 
and hyperlipemic dialysis state by successful renal trans- 
plantation should largely reverse the accelerated athero- 
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Fic. 6. Hypothesis: hyperlipemia and hypertension are additive major 
risk factors in the accelerated arteriosclerosis of renal failure. 


sclerotic rate. As seen on the right side of Fig. 6, the 
arteriosclerotic rate of the renal transplant patients, who 
in our experience are largely normotensive and normo- 
lipemic, compares favorably with the rate seen in the 
age-adjusted normal population. Thus, the data would 
seem to fit the proposed model fairly well and to suggest 
the major mechanisms by which successful renal trans- 
plantation reverses the accelerated atherosclerosis of 
renal failure is by partial reversal of the high rate of 
hypertension and hyperlipidemia seen in dialysis patients. 

It should be noted, however, that the model cannot 
apparently account for about 20% of the added risk 
factors in renal failure. Furthermore, successful renal 
transplant recipients have a rate of arteriosclerosis which 
is slightly in excess of the normal age and sex-adjusted 
population. Thus, other etiological factors may be opera- 

. tive here. Since little is known of the role of the kidney in 
lipid metabolism other than the gross lipid abnormalities 
seen in renal nephrosis,’ the conversion of end-stage 
renal disease to a state of normal renal function by suc- 
cessful renal transplantation may set into motion a variety 
of body metabolic changes which have been inadequately 
studied to date. These data also suggest, therefore, that 
the dialysis and transplant populations constitute an 
appropriate model for study of some of the multi-variate 
factors in atherosclerotic progression. 

Some other factors that have been suggested to be of 
importance in the accelerated atherosclerosis of renal 
failure include calcium deposits in the media of arteries,”® 
the carbohydrate intolerance of renal failure?? and a 
variety of metabolic abnormalities consequent to renal 
failure (primarily reduced lipoprotein lipase or increased 
hepatic synthesis of triglycerides). We are not persuaded 
by the available literature that calcific medial sclerosis is 
a major factor in the accelerated atherosclerosis of renal 
failure although these patients clearly suffer from ab- 
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normalities of calcium metabolism and may, in rare 
instances, develop malignant widespread calcium de- 


posits.?9?! Most renal failure patients with arterial calcium `t 


deposits have no signs or symptoms of arterial ischemia 
and angiographic studies of these patients show little 
obliterative arterial disease in most instances.?! This sub- 
ject is of more than academic interest since the question 
of when to perform parathyroid extirpation to correct 
abnormalities of calcium metabolism in renal transplant 
and dialysis patients is largely unsettled at present.” If 
calcific medial arterial deposits were a major factor in 
development of accelerated atherosclerosis in dialysis 
and transplant patients, this putative fact would consitute 
yet another reason for extending the scope of parathy- 
roid surgery. At least one group with a large dialysis- 
transplant population has performed a large number of 
parathyroid operations for abnormalities of calcium 
metabolism in these patients.*' Our group has been more 
conservative in this respect for a variety of reasons. In 
regard to the putative relationship of calcium deposits and 
arterial disease in transplant and dialysis patients, we re- 
main unconvinced that the calcium deposits represent a 
major etiological mechanism and not merely a ''camp 
follower.” 

Abnormalities of carbohydrate metabolism in uremia 
have been long appreciated?" and these abnormalities 
could well be important in the accelerated atherosclerosis 
of renal failure. The precise abnormalities involved have 
been debated! but it is certainly reasonable to presume 
that return to a state of normal renal function after trans- 
plantation could reverse any or all of these abnor- 
malities. Some of these metabolic abnormalities appear 
to be related to enzyme deficiencies?” and correction of 
enzyme deficiencies by renal transplantation has been 
reported in some disease states. In short, there may 
well be factors other than blood pressure and lipid 
factors responsible for the differential rates of arterio- 
sclerosis in dialysis and transplant patients. Again, we 
suggest that the renal failure to transplantation patient 
model may be an excellent one for study of some of 
these factors. 

What are the clinical implications of these findings 
should our empirical observations and our basic hypothe- 
sis be borne out by studies from other groups? These 
studies, as well as some studies of other chronic dis- 
eases in transplant recipients, acquire more clinical sig- 
nificance as an ever increasing number of transplant 
and dialysis patients enter their second post-treatment 
decade. Patient survival post 10 years has been all too 
rare in both dialysis and transplant reports to date. 
Data from at least 2 groups, however, suggest that 
appropriate programs of systematic renal transplantation 
have ‘resulted in about a 50% mean 10-year patient 
survival from their inception.?9*? Dialysis survival, even 
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in the best programs, has not apparently been as suc- 


cessful to date??? and a realistic figure for actual 10-year 
patient survival on dialysis is probably 15-25%. The 
studies of the differential rate of arteriosclerosis in dialysis 
and transplant patients suggests that atherosclerotic fac- 
tors may be of major importance in widening the survival 
gap between dialysis and transplant patients during the 
second post-treatment decade. At the 10-year mark, 
dialysis patients appear to have a malignant rate 
of arteriosclerosis with 50% of patients suf- 
fering from major clinical atherosclerotic complica- 
tions. In contrast, our studies suggest that the 
renal transplant patient at the 10 year mark continues to 
be relatively free of atherosclerotic complications and, 
perhaps as important, to be relatively free of 2 major 
risk factors for atherosclerosis — hypertension and hyper- 
lipidemia. As previously mentioned, clinical studies of 
renal function as well as recently introduced sophisti- 
cated studies of recipient immune reactivity against donor 
suggest that the prognosis for survival of non-identical 
successful transplants at 10 years post-transplantation is 
excellent. Thus, in our studies, no major risk factor 
appears on the horizon for the transplant recipient at 
the 10-year followup. From these data, we predict that the 
transplant recipient entering the second post-treatment 
decade will enjoy a favored survival in contrast to his 
dialysis counterpart and that a major factor in this 
favorable outlook will be a relatively low rate of arterio- 
sclerotic complications as follow-up progression enters 
the second decade. 


References 


l. Bagdade, J., Porte, J. and Bierman, E.: Hypertriglyceridemia: 
A Metabolic Consequence of Chronic Renal Failure. N. 
Engl. J. Med., 279:181—185, 1968. 

2. Beaumont, J., Galla, J., Luke, R., et al.: Normal Serum Lipids in 
Renal Transplant Patients. Lancet, 1:599, 1975. 

3. Burton, B., Krueger, K. and Bryan, F.: National Kidney Registry 
of Long-Term Dialysis Patients. JAMA, 218:718, 1971. 

4. Burton, B. T.: Priorities for Dialysis. In 1974 Proceed. 7th 
Annual Contractor's Conference Jan. 1974. DHEW Pub. No. 
(NIH) 75—248, Bethesda, MD; pg. 177. 

5. Casaretto, A., Marchioro, T. and Bagdade, J.: Hyperlipidemia 
Following Renal Transplantation. Trans. Am. Soc. Artif. 
Intern. Organs, 19:154, 1973. 

6. Casaretto, A., Marchioro, T., Goldsmith, R. and Bagdade, J.: 
Hyperlipidemia After Successful Renal Transplantation. 
Lancet 1:481, 1974. 

7. Cramp, D., Moorhead, J. and Wills, M.: Disorders of Blood 
Lipids in Renal Disease. Lancet, 1:672, 1975. 

8. Dombeck, D., Lindholm, D. and Vieria, J.: Lipid Metabolism in 
Uremia and the Effects of Dialysate Glucose and Oral Androgen 
Therapy. Trans. Am. Soc. Artif. Intern. Organs, 1973, George- 
town University Press; p. 150. 

9. Editorial: Enzyme Transplants. Lancet 2:1235, 1972. 

I0. Ghoshe, P., Evans, D., Tomlinson, S. and Calne, P.: Plasma 
Lipids Following Renal Transplantation. Transplant 15:521, 
1973. 

11. Halgrimson, C., Penn, I., Booth, A., et al.: Eight to Ten Year 


DIFFERENTIAL. RATE OF ARTERIOSCLEROSIS 


16. 


17: 


18. 


19. 


36. 


37. 


38. 


. Moore, T. and Hume, D.: 


349 


Follow-up in Early Cases of Renal Homotransplantation. 
Transplant. Proceed., V:787, 1973. 


. Hampers, C. L., Skillman, J. J. Lyons, J. H., et al: A 


Hemodynamic Evaluation of Gilateral Nephrectomy and 
Hemodialysis in Hypertensive Man. Circulation, 35:272, 1967. 


. Hampers, C., Schupak, E., Lowrie, E. and Lazarus, J.: Long- 


Term Hemodialysis. New York, Grune & Stratton, 1973; p. 96. 


. Hampers, C., Schupak, E., Lowrie, E. and Lazarus, J.: Long- 


Term Hemodialysis. New York, Grune & Stratton, 1973; 
p. 181. 


. Hill, R., Dahrling, B., Starzl, T. and Rifkind, D.: Infectious 


Complications After Renal Transplantation. Am. J. Med., 42: 
327, 1967. 

Hume, D.: The Immunological Consequences of Organ Trans- 
plantation in Man. Harvey Lectures, Series 64, New York, 
Academic Press, 1970. 

Hume, D., Lee, H. M., Williams, G. M., et al.: Comparative 
Results of Cadaver and Related Donor Renal Transplants in 
Man. Ann. Surg., 164:352, 1966. 

Ibels, L., Stewart, J., Mahoney, J. and Sheil, A.: Deaths from 
Occlusive Arterial Disease in Renal Allograft Recipients. Br. 
Med. J., 3:552, 1974. 

Lindner, À., Charra, B., Sherrard, D. and Scribner, B.: Accelerated 
Atherosclerosis in Prolonged Maintenance Hemodialysis. 
N. Engl. J. Med., 290:697, 1974. 


. Lindner, G., Hiller, A. and VanSlyke, D.: Carbohydrate Metab- 


olism in Nephritis. J. Clin. Invest., 1:247, 1925. 


. Lowrie, E., Lazarus, J., Mocelin, A., et al.: Survival of Patients 


Undergotng Chronic Hemodialysis and Renal Transplantation. 
N. Engl. J. Med., 288:863, 1973. 


. Lowrie, E., Lazarus, J., Hampers, C. and Merrill, J. Cardio- 


vascular Disease in Dialysis Patients. N. Engl. J. Med., 290: 
737, 1974. 


. Mahoney, C., Striker, G., Hickman, R., et al: Renal Trans- 


plantation for Childhood Cystinosis. N. Engl. J. Med., 283: 
397, 1970. l 
The Period and Nature of Hazard in 
Clinical Renal Transplantation. Ann. Surg., 170:1, 1969. 


. O’Brien, J. and Sharpe, A.: The Influence of Renal Disease on the 


Insulin 1?! Disappearance in Man. Metabolism, 16:76, 1976. 


. Parfitt, A.: Soft Tissue Calcifications in Uremia. Arch. Intern. 


Med., 124:544, 1969. 


. Parsons, F., Brunner, F., Gurland, H., et al.: Combined Report 


on Regular Dialysis and Transplantation in Europe. Proceed. 
Europ. Dialys. & Transpl. Assn., 8:3—27, 1971, J. Cameron 
Ed., London, Pitman Medical. 


. Penn, I. and Starzl, T.: Immunosuppression and Cancer. Trans- 


plant Proceed., 5:943, 1973. 


. Plotz, C., Knowlton, A. and Ragan, C.: The Natural History of 


Cushings Disease. Am. J. Med., 13:597, 1932. 


. Ponticelli, C., Barbi, G., Contaluppi, A., et al.: Hyperlipidemia 


After Renal Transplantation. Lancet, 1:1090, 1975. 


. Rosen, J., Friedman, S., Raizner, A. and Gerstmann, K.: 


Azotemic Arteriopathy. Am. Heart J., 84:250—255, Aug. 1972. 


. Saldanha, L., Hurst, K., Amend, W., et al.: Hyperlipidemia 


After Renal Transplantation in Children. Abst. Am. Soc. 
Nephrol., pg. 78, 1974. 


. Saldanha, L., Hurst, K., Amend, W., et al.: Hyperlipidemia 


After Renal Transplantation. Abst. Intern. Soc. Nephrol., 
Abst. #1049, 1975. 


. Scribner, B.: Personal Communication, 1975. 
. Simmons, R., Kjellstrand, C., Buselmeier, T. and Najarian, J.: 


Renal Transplantation in High Risk Patients. Arch. Surg., 103: 
290, 1971. 

Starzl, T., Porter, K., Halgrimson, C., et al.: A Decade Follow-up 
in Early Cases of Renal Homotransplantation. Ann. Surg., 180: 
606, 1974. 

Starzl, T., Marchioro, T. Terasaki, P., et al.: Chronic Survival 
After Human Renal Homotransplantation. Ann. Surg., 162: 
749, 1965. 

Technicon Instrument Corporation, Autoanalyzer Manual, 
Tarrytown, NY, 1968. 


350 

39. The 12th Revert of the Human Renal Transplant Registry. J. 

' . Am. Med. Assoc., 233:787; 1975. 

40. The Framinghain Study: An Epidemiological Investigation of 
Cardiovasciilar Disease. Sec: 10, Washington: U.S. Govern- 
ment Printing Office, Sept. 1968. 

41. Thomas, F., Wolf, J: S. and Lee, H. M.: Factors in Infectious 
Complications After-Renal Traüsplantation. Clin. Dial. Transpl. 

- Forum, I1I:283, 1973. 

42. Thomas, F., Lee, H. M.,. Wolf, J. S.; et al: Long-Term 

(8-12 Year) Prognosis in Related and Unrelated Renal Trans- 
plantation. Transplant Proceed., VII:1:1, 1975. 
43. Thomas, J., Thomas, F. and Lee, H. M.: Cell-Mediated 


DISCUSSION 


Dr: RICHARD L: SiMMoNS (Minrieapolis, Minnesonii I think 

the rest of the. transplant world is’ still playing variations on the themes 
elucidated at Richmond, and we'd just like to make a few comments, 
mostly reiterating some of their findings, based on our experience in the 
University of Minnesota, 
., We'd also like to look at the special case of the juvenile diabetic, 
who.séems to die almost 100% of the time after the first two years on 
hemodialysis, and see what his atherosclerotic rate is after trans- 
plantation, and maybe. ask a few. questions. 

[Slide] There are two sets of data here. This is the first. This is 
198, patients followed who survived three years, and were followed 
at least one more year, 1:€. four and twelve years after transplantation. 
Oné hundred seventy-eight of the patients are currently alive, and 
only 10%. (20) of the patients who survived the first three years have 
since died. 

[Slide] The probleins of the transplant patient are seldom related 
to atherosclerotic disease—only 6 of the 20 patierits have died of 
those causes. Of these 6 patients dying cardiovascular deaths, 4 had 
strokes (onë. was diabetic) and'2 had myocardial infarctions. This 
should be compared. with the very high incidence of cardiovascular 
deaths reported by Dr.. Scribner. 

. [Slide] Now, a second way of looking at this is.to. look at our 
entire population of 664 transplants in 571 patients since 1968. Four 
hiindred thirty-six were nondiabetics, and 135 were juvenile onset 
diabetics, with án approximaté average time of 20'years as diabetics. 

[Slide] You.can.see that we have only had one fatal myocardial 
infarct i in 436 tion-diabetics. In comparison, the diabetic has a 9.6% inci- 
detice of myocardial infarction and : a 6.7% fatal incidence. 

. Two and one-half. pér cent of non-diabetic patients. and 2. 996 of 
diabetic: patients , had strokes. Most of the strokes were related to 
cerebral aneurysms, not arteriosclerosis. Peripheral vascular disease 
is the one próblém the diabétic really suffers from. We have not lost 
one Single joint—even a ' finger tip—froth a nondiabetic transplant 
recipient in all these years. Thére have been 13 fingers, 8 toes, 11 
lower extremities (an iticidence of 20%). lost in the diabetic population. 

It’s possible that we have, and Richmond, has, a selected popula- 
tion of patients who aré sent to us for transplantation, and not for 
dialysis,. and that other dialysis units and transplant centers have 
populations of patients that are sent there for dialysis primarily, 
and transplantation secondarily. This really would provide two different 
risk populations, one of whom goes or dialysis until they fail, until, 
perhaps, their atherosclerosis is very severe. It would be interesting 
for Dr. Thomas if he would comment on. that possibility, to explain 
why other transplant. centers do not see the low- incidence of cardio- 
vascular comiplications seen at Riclimond and Minneapolis. 


Dn. RİCHARD E. WILSON (Boston, Massachusetts): My questions 
to Dr. Thomas are related to the question of reversal of the disease. 
Is this truly a reversal of a preexisting vascular lesion, or is it, really, a 
prevention of progressive disease. 

One aspect of this is: Does the length of time on dialysis for a 
patient, affect how much danger he has, or how much risk he has, to 
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develop lethal arteriosclerosis? And related to that is: How about 
parathyroid disease? 

We tend to feel that hyperparathyroidism-— secondary hyperparathy- 
roidisih —in this population is at least in part related to the type of 
dialysis and tlie length of dialysis a patierit has had before transplanta- 
tion. Some patients never have a reversal of their hyperparathyroidism, 
and we have. had to operate on patients as long as 7 and 8 years after 
transplant for persistent hypercalcemia and hyperparathyroidism. 

We all know, those of us in the early days of the shunts, how 
sclerotic and calcified the radial artery was in these patients on 
chronic dialysis, and how much of a problem it is to maintain shunts 
and bypass techniques in patients on chronic dialysis alone. 

So I. would ask him these two points: What is the relationship of 
the length of dialysis to,the lethality of arteriosclerosis? Since there is 
still twice as great a risk for lethality in the well-transplanted patients 
as in the nornial population—how many of those long term patients 
had other factors that he could identify, such as hyperparathyroidism? 


- Dr. Jay C. FisH (Galveston, Texas): I rise to agree with Dr. Simmons 
that patient selection according to treatment method may very well be 
accountable in this differential rate of arteriosclerotic deaths. The 
benchmark for death rates due to arteriosclerosis in dialysis pa- 
tients has been the Seattle program, for obvious reasons. This is in 
the face of their very candid admission that the treatment methods 
employed in that long-term survival. group have varied considerably 
over the 10-year period, from one dialysis a week to 3 dialyses a week. 

Before we indict dialysis as a treatment method, and as the cause, of 
the rapidly progressive arteriosclerosis, it seems to me we need data 
from more controlled circumstances. As a contrast, these are data 
from. a group of patients in a home dialysis program. It includes 
all patients accepted into the program, now up to 8 years in 150 pa- 
tients. 

It’s offered as a definitive form of therapy for the end-stage renal 
disease, and reflects a selected population. Only 11 patients have 
elected to change from this program to an in-center dialysis, and 9 
received transplants. ` 

The 8-year mortality rate is 20%, or 2.5% per year mortality on 
dialysis. One third of the 29 deaths were due to the consequences of 
arteriosclerosis. That is a mortality rate of 0.8% per year from 
arteriosclerotic-related causes. Ten per cent of this population of 
patients have a lipid abnormality. 

There seems little question that arteriosclerosis is increased in the 
end-stage renal disease population, . but whether it’s related to pre- 
existing disease—the question Dr. Wilson asked-—such as hyperten- 
sion, or acquired abnormalities of the renal disease, such as lipid 
abnormalities, or to some component of the therapy, which in 
dialysis might be the glucose in the dialysate, is less than clear. 


PROFESSOR LARS-ERIK GELIN (Goteborg, Sweden): We decided, 
as did the Minneapolis group, to have 3 years as the starting date 
because then the transplant function is reasonably well established, 
and immunosuppression is on a low maintenance level. 

The yearly mortality among such patients can be calculated to 
about 4 or 5% a year. Such statistics compare very favorably with 
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chronic dialysis, where in Europe the annual death rate is about 10%. 
The recipients of living donor grafts still have slightly higher survival 
rates, compared to recipients of cadaver donor grafts. This is, 
however, in part explained by the somewhat higher age of the latter 
patient group. Recipients above the age of 50 have a significantly 
increased late mortality, as compared to those below that age. 

The cardiovascular complications constituted the dominating factor 
among these patients. The same is true for patients in chronic 
dialysis. It is, therefore, conceivable that this progressive cardio- 
vascular disease is related to a metabolic disturbance evoked during 
the uremic period, rather than to the immunologic situation of the 
transplanted patient, or to the immunosuppressive medication. The 
secondary hyperparathyroidism of uremia might very well constitute 
such a relationship. 


Dr. F. THOMAs (Closing discussion): With regard to Dr. Simmons’ 
comments, his data on the arteriosclerotic complications in diabetics, 
I think, are truly intriguing. One would certainly expect that diabetics, 
who have an intrinsic rate of accelerated arteriosclerosis, would fare 
quite poorly in respect to arteriosclerosis in a state of uremia, in 
which the additional risk factors of hypertension and hyperlipidemia 
are superimposed on a metabolic system already programmed for 
severe vascular complications. 

In 1974, when we first presented these data at the International 
Transplant Congress, we suggested that end-stage renal disease pa- 
tients with underlying disease causing accelerated atherosclerosis, 
such as diabetes, might reap additional benefits from renal transplanta- 
tion beyond those seen in patients having no predisposing arterio- 
sclerotic factors, other than renal failure. If I interpret Dr. Simmons' 
data correctly, this would seem to be what he is saying today, on the 
basis of a very large transplant experience with diabetics, which no 
other centers have, to my knowledge. 

Metabolic abnormalities in these patients producing hyperlipidemia, 
which are apparently reversed after long-term successful transplanta- 
tion, are certainly deserving of more detailed study. Carbohydrate 
intolerance similar to that seen in diabetics is well known to be 
present in uremic patients. This metabolic abnormality could be a 
major factor in the development of artericsclerosis, and has recently 
been shown to be due to an enzyme deficiency, specifically a defect of 
lipoprotein lipase. Renal transplantation can, in some cases, ap- 
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parently, reverse the enzyme defects for unknowrrreasons, and it's rea- 
sonable to suspect that this mechanism may be one by which a partial 
reversal of the atherosclerotic rate of uremia is achieved with renal 
transplantation. 

In regard to Dr. Wilson's comments, I think that what we are 
seeing here is not a reversal of arteriosclerosis, but, rather, a pre- 
vention of further progression by elimination of two very high risk 
factors. 

The length of dialysis of these patients prior to transplantation 
was quite variable, and I do not have any exact figures on that, but I 
suspect it was not too different from that seen in most areas of the 
country. We do not feel that patient selection was a factor here, either. 

Dr. Wilson's question about the role of parathyroid disease and 
metastatic calcifications of the so-called Mónckeberg's sclerosis as a 
factor in the genesis of arteriosclerosis in these patients is certainly a 
very appropriate one, and one which we have not discussed, be- 
cause we really have no data, and I think this is deserving of future 
study. 

In regard to Dr. Fish's comments, I can only say that there are 
many different figures for survival in various dialysis and transplant 
centers. I think, perhaps, our feeling has grown more over the years 
that the figures which are most meaningful are those which are 
actual figures observed over an actual period of time, and not actuarial 
statistics. 

There are really only two renal transplant groups who have had the 
opportunity to observe a significant number of patients over a 10-year 
period——this is an actual 10-year period—to achieve any statistical 
significance. And in going over these figures I'm very sorry that Dr. 
Thomas Starzl is not here to comment on this, because his studies are 
certainly most elegant in this respect, and his paper presented at this 
Association last year showed, if I calculate correctly, two deaths from 
myocardial infarctions in his transplant patients at an actual 10-year 
followup or a 1.2% per year at risk rate. This is not very much 
different than the rate that we see in our patients over the same period 
of time, with one death for 0.7% per year at risk. 

And, finally, I think that there are some possible explanations for 
the disparate reports of hypertriglyceridemia after renal transplanta- 
tion. These are the two explanations which we consider most im- 
portant, and we think that some of the disparities are due to the 
variations in the length of followup in the posttransplant period, vary- 
ing from zero to 13 years, and also the variations in steroid dose. 


seven Years’ Experience with Antilymphoblast Globulin 
for Renal Transplantation From Cadaver Donors 
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Antibody of the IgG,, type can be isolated from horses im- 
munized with cultured human lymphoblasts plus complete 
Freund’s adjuvant. The essential steps for the production of a 
safe, potent anti-human lymphoblast globulin (ALG) are: A) the 
use of early bleedings after immunization to reduce the titer of 
antibodies which react with red blood cells and platelets; B) 
careful absorption with human red blood cell stroma and plate- 
lets; C) stabilization with non-crystalline silica dioxide; D) 
chromatography through QAE sephadex to remove pyrogens, 
microaggregates and possible inhibitors of ALG activity; E) 
careful safety testing in animals for toxicity and pyrogenicity; 
and F) testing in vitro for sterility. Such a purified horse 
ALG (IgG, can be administered safely intravenously to patients 
to supplement a standardized immunosuppressive regimen 
incorporating azathioprine and prednisone. Under these circum- 
stances, allergic reactions are very rare, antibodies to horse IgG 
do not develop, skin tests to horse IgG remain negative, and 
immune elimination of circulating horse IgG from the human 
circulation cannot be demonstrated. The overall results of ALG 
patient survival and transplant function after 184 consecutive 
first cadaver transplants at the University of Minnesota demon- 
strate a statistically significant improvement in both param- 
eters accompanying increases in ALG dose while rigidly 
utilizing standardized doses of azathioprine and prednisone. There 
is a significant reduction in the number of grafts lost to rejec- 
tion; significant reduction in the number of rejection episodes; 
significant delay in the onset of rejection episodes; but there 
is no increase in septic loss of patients or kidneys. These 
efforts could be seen in the gross data or when subgroups 
controlling for patient age, tissue typing were analyzed. Exclud- 
ing patients at high risk did not alter the results. The beneficial 
effects of ALG were particularly striking in good matches. In 
the highest doses, ALG may be dangerous for older patients with 
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poor matches who develop an increased incidence of septic loss 
of kidney and/or life. Thus, ALG appears to be a useful adjunct 
in the early management of cadaver transplants by' reducing 
the incidence and frequency of rejection episodes. The dose 
should probably be reduced in the older patients who receive 
kidneys from badly mismatched donors. One cannot conclude 
from this study that ALG manufactured in other centers by this 
or other techniques, will accomplish the same results since the 
multiplicity of factors involved in the success and failure of 
transplants must be controlled so that the influence of intra- 
vening variables in the assessment of ALG effectiveness can be 
assessed. 


ENAL TRANSPLANTATION has become an accepted 
R and effective form of treatment for end-stage renal 
failure. Unfortunately, it has become increasingly clear 
that the overall transplantation results have not improved 
with time.*? One area of increasing disillusionment is the 
failure to develop better and safer immunosuppressive 
agents. At its outset, heterologous antiserum to human 
lymphocytes was thought to provide a potential answer 
to the immunosuppressive dilemma posed by the very 
toxic immunosuppressive drugs available.*9?* In experi- 
mental animals, it provided a material with high immuno- 
suppressive potency with low toxicity and a different 
type of toxicity than azathioprine or prednisone.?546:22 
Moreover, ALG has been shown to act synergistically 
with conventional drugs in prolonging the survival of 
grafts in experimental animals.*?^ 

As pointed out in Monaco's recent review” and in a 
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Lancet Editorial, this expectation has not been uni- 
versally fulfilled. Part of the reason for this failure to 
demonstrate efficacy of ALG rests in the fact that a 
large number of different ALG products have been tested 
on relatively small numbers of patients. Each ALG is 
manufactured by a different method, with variable po- 
tency, administered by a different route in a different 
and arbitrary dose to groups of patients at different 
degrees of risk. It is therefore useful to review our experi- 
ence over the past 7 years of the administration of an 
antiserum to cultured human lymphoblasts at the Uni- 
versity of Minnesota. A large group of patients have been 
studied by the same group of investigators who have 
used the identical technical procedures and immuno- 
suppressive drug protocols for the entire time. Although 
these studies do not represent randomized prospective 
studies, they do represent sequential studies administer- 
ing ALG in increasing doses and increasing purity to re- 
cipients of renal allografts. In addition, the population of 
patients is now sufficiently large, that other important 
factors predicting success or failure after transplanta- 
tion can be controlled (i.e. age and tissue typing). If 
these intervening variables are not controlled, both favor- 
able and unfavorable results may be obscured.**? Our 
results strongly support the idea that ALG is a useful 
adjunct in the prevention of rejection in 184 consecutive 
recipients of first cadaver kidney allografts followed in a 
single institution one to 8 years (115 patients followed 
more than three years). 


Materials and Methods 


Preparation of Antilymphoblast Globulin: The essential 
procedure for the preparation of antilymphoblast globulin 
is: A) to culture the lymphoblasts; B) immunize the horse 
or goat; C) collect the plasma; pool only the active bleed- 
ings; D) absorb the plasma to increase specificity against 
the lymphocyte and remove anti-red cell and platelet 
antibodies; E) purify the globulin, F) test in vitro for 
antilymphocyte activity. The procedures in use prior to 
1971 have been previously described.?3:3233 

A) Culture of human lymphoblasts: Lymphocytes 
were obtained from a single healthy individual (HLA 
A2, A10, B7, B14). These cells have been continuously 
cultured since 1969 and have shown no evidence of 
malignant change, or alteration in HLA type. The cells 
are apparently B cells possessing IgM (Lambda-short 
chain) on the surface and do not form E rosettes. They 
respond poorly to T cell mitogens. Though Epstein-Barr 
virus (EBV) is not present by immunofluorescent micros- 
copy, the EBV genome can be demonstrated in these 
cells by hybridization studies*?* The cells are cultured 
in 10% fetal calf serum and RPMI 1640 media (Associated 
Biomedical Systems, Buffalo, NY) with penicillin- 
streptomycin added. The cultures are maintained in 
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continuous spinner cultures and harvested every two to 
three days. The cells are washed three times in RPMI 
1640 and have a viability of greater than 95% prior to 
mixing with adjuvant. 

B) Immunization procedures: For most ALG adminis- 
tered as detailed in this study, the horse is utilized. A 
normal horse weighing 950—1200 pounds is quarantined 
for 1.5 months prior to immunization. Horse selection 
is based on the following criteria: (1) 900—1100 pounds, 
3—4 years old, (2) have vision in both eyes, (3) have no 
systemic debilitating disease, (4) blood samples are drawn 
and tested for the following; negative tests for Brucellosis, 
Leptospirosis, negative Coggins test (equine infectious 
anemia) and a negative test for Western/Eastern en- 
cephalitis. The horse is maintained on a high protein 
diet and must show a weight gain during all the immuniza- 
tion and bleeding processes. Any evidence of fever 
results in rejection of plasma. 

The immunizations are carried out using 2-5 x 10? 
lymphoblasts mixed in equal volumes with Freunds 
complete adjuvant. Multiple sites in the cervical region 
are used and 0.25 ml of lymphoblast/adjuvant prepara- 
tions are injected into the site. A total of 50 sites are 
used for each injection; 25 sites intradermally and 25 sites 
subcutaneously. Prior to inoculation, the cervical area is 
prepared as if for a surgical operation by shaving and 
povidone-iodine sterilization of the animal. The first 
immunization is carried out on day 0 and the second 
21—30 days later. 

C) Collect plasma by plasmaphoresis and pool: Bleed- 
ings are carried out on days 7, 9, 11 and 13 after the second 
inoculation and this is repeated on days 20, 22, 24, 26 and 
again on 33, 35, 37 and 39. All these bleedings were car- 
ried out by plasmaphoresis so that the red cells are in- 
fused immediately back to the horse. A third inoculation is 
given after the last bleeding, this time 2—5 x 10? cells 
intravenously without adjuvant. Plasmaphoresis is then 
carried out on days 7, 9, 11 and 13, and again on days 22, 
24, 26 and 28. The horse is then discarded, never to be 
used again so that presensitized horses are not involved. 

At each bleeding 20 to 25 pounds of blood are collected 
in sterile plastic bags, each containing 600 mls of citrate 
anticoagulant (596 citrate). The red blood cells are 
allowed to sediment for 20—30 minutes so that red blood 
cells can be reinfused. The 7-8 liters of plasma are 
pooled with preceding or subsequent bleeds during this 
bleeding cycle (Fig. 1). The plasma is immediately tested 
for cytotoxic potency against human purified blood 
lymphocytes, hemagglutinin potency, and platelet aggre- 
gation (see below for techniques). If the cytotoxic 
titer of the pool is less than 1:400, the horse is discarded 
and not used again. 

One hundred and sixty liters constitutes the optimal 
antilymphoblast plasma (ALP) pool volume. This pool is 
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Fig. 1. Preparation of horse antilymphoblast globulin. The detailed 
techniques are discussed in the Materials and Methods section of the 
text. Abbreviations; CFA = complete Freunds adjuvant; ID = intra- 
dermal; SQ = subcutaneous; ALP = antilymphoblast plasma; 
SiO, = synthetic noncrystalline silica dioxide; ALG = antilympho- 
blast globulin. 


made up of representative bleedings from at least ten 
different horses. The purpose is to insure uniform potency 
and minimize any individual animal variations. The batch 
is sterilized by filtration through Millipore filters (0.22 u) 
and then frozen at —20 d and stored until further 
processing is carried out. 

D) Absorption: The plasma is absorbed sequentially 
with two liters of pooled human plasma free of hepatitis 
antigen A per 20 liters of ALP: two human platelet 
packs (30—50 ml volume of platelet rich plasma isolated 
from 450 ml of CPD whole blood) per liter of ALP; red 
blood cell stroma (the equivalent of 6—7 outdated units of 
human HAA free blood per liter of ALP). After absorp- 
tion, the platelets and stroma are centrifuged free and 
the plasma is absorbed once more with stroma or until 
the hemagglutinin titer of the new diluted ALP is less 
than 1:32. 

E) Purification and stabilization: The plasma is then 
stabilized by adding non-crystalline sterile silica dioxide 
(SiO) powder of particle diameter approximately 70 A 
and a surface area of 380 m?/gm. Fifteen grams of 
S1O, is added per liter of ALP, mixed and centrifuged. 
This is repeated using 10 gm SiO,/liter of ALP. As pre- 
viously noted, this removes all lipoproteins, fibrinogen, 
and plasminogen from the material and only slightly 
lowers the protein content.*' The materialis then dialyzed 
against sterile imidazole acetate buffer (ionic strength 
0.1 pH 7). This dialysis results in a protein concen- 
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tration of 30—40 mg/ml. The material is filter sterilized 
and placed on a sterile QAE 50 sephadex column at pH7. 
Two peaks are obtained (Fig. 2). The first peak emerges 
at pH7 and the second peak at pH4. The second pool is 
discarded. The pH7 peak consists exclusively of IgG 
and this pool is used for ALG preparation first by con- 
centration by hollow fiber dialysis to 50 mg/ml protein 
and then dialysis against 0.15 M saline and 0.3 M glvcine 
centrifugation at 40,000 g to deaggregate the material 
and millipore filter sterilization. The material is then 
bottled and stored frozen (—20 d). 

F) Tests for safety and efficacy: Testing procedures 
are carried out many times during various stages in the 
preparation and the properties of the final product are 
listed in Fig. 3. 

Sterility testing: Ten milliliter of the plasma prepara- 
tion at each step are cultured for aerobic and anerobic 
organisms and fungi by standard clinical microbiological 
techniques. The cultures are read at 7 and 14 days. 
Screening for viruses is carried out in our clinical viro- 
logical lab by standard techniques.!? Viruses have never 
been isolated. No culture results have been positive at 
any step when sterilization by filtration has been carried 
out at the steps of the procedure noted. 

Animal toxicity is determined by injecting 0.5 ml of 
the product (50 mg AL G/ml) intraperitoneally into mice 
and 5.0 ml intraperitoneally into guinea pigs. No mice 
or guinea pigs have ever died. 

Pyrogen testing is carried out using intravenous ad- 
ministration (50 mg/kg) into rabbits and determining 
temperatures over an 8 hour period. Temperature eleva- 
tion greater than 0.5? over the first three hours of observa- 
tion indicate pyrogens and the lot is recycled since QAE 
sephadex chromatography removes pyrogens (unpub- 
lished observations). This testing technique follows the 
regulations set down in section 73.74 of Public Health 
Service regulations. 

Cytotoxicity against peripheral blood lymphocytes in 
vitro is determined by the methods of Amos et al.? using 
rabbit complement free of cytotoxicity against human 
lymphocytes. Rosette inhibition titers were determined 
by the method of Bach and Dormont.” 

Hemagglutinin is determined by standardized blood 
bank techniques? and the platelet aggregating titer is 
determined with an aggregometer by the techniques of 
Condie et al.® 

Antibodies to kidney glomerular basement membranes 
(GBM) are tested by both direct and indirect immuno- 
fluorescent assays using fresh kidney slices. No anti- 
bodies to GBM have ever been found. 

Human antibodies to horse globulin were determined 
in human recipients and skin tests for allergy to ALG 
were performed by Dr. Malcolm Blumenthal by tech- 
niques described by Martin et al.?° 

T cells are determined in peripheral human blood by a 
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Fig. 2. Fractionation of 
equine antilymphoblast 
plasma (ALP) on QAE 
sephadex. Sterile and SiO, 
stabilized equine ALP is 
placed on sterile QAE 50 
sephadex colunins- at 
pH7 after equilibration 
against imidazole acetate 
buffer (ionic strength 0.1 U, 
pH7). The horizontal. axis 
represerits tubes of effluent 
from the chromatography 
column. At pH7 the iso- 
electric range demonstrates 
that pool 1 consists solely 
of immunoglobulin Ga, 
(IgGap). This has a high 
lymphocyte cytotoxicity 
titer and a rather low 
hemagglutination titer. 
After all of pool 1 has 
been eluted from the 
column, the pH of the buf- 
fer is changed and pool 2 
consists of all the remainirig 102.400 —. n 
protein on the column in- í 


Protein 
mg/ml 


isoelectric: Point 
pI 


cluding all the remaining 25.600 — Herne 
iminunoglobulins of the 512 
horse. The isoelectric Oo 6.400 
range demonstrates that € 128 
this is not IgGas. The cyto- © 1600 — , ll; 
toxicity of tlie initial por- 32-. 
tion of pool 2 is poor and its 400 i 
hemagglutination titer high. Tit 
Pool 2 is discarded. Pool 1 100 ; 
is used for ALG. : 
0 —.h..- -— 
0 20 40 


modification of the method of Jondal et al. The normal 
rangé of T cells by this method is 65 + 7%. B cells were 


. quantitated by a modification of the method devéloped by 


Nussenweig** whereby B-cells form rosettes with sheep 
red blood cells coated with antibody and complement. 
The normal value for our laboratory using this method is 
15 + 5% of all lymphocytes. ALG coated cells were 
assayed by incubating patient mononuclear cells with 
highly florescinated goat anti-horse immunoglobulin pre- 
pared according to the method of Rabalino?* and the 
number and percentage of cells exhibiting fluorescerice 
was thus determined. 


Material 
Patients: From January 1, 1968 to April 1, 1975, 587 
renal transplants were performed in 503 patients at the 
University of Minnesota Hospitals. One hundred fifty- 


five patients received first transplants from siblings; 109 
from parents, 37 from their children, 18 from other 
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relatives and 184 from cadaver donors. All patients have 
been followed for at least 1 year, and several for as long 
as 8.5 years. 

The standard operative tecliniques and immunosup- 
pressive régimen have been previously described.” 


PROPERTIES: 
Protein 50mg/ml 
Immunoglobulin IgGgg 99% 
M.W. l60,000 99% 
TITERS: 


RBC agglutination 
Lymphocytotoxic 
Rosette inhibition 
Platelét aggregation 
Anti GBM 


Fic. 3. Properties of horse antilymphoblast globulin. The titérs 
represent both the meari and the range of the titers observed in 
various batches. 
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TABLE 1. Changes in In vitro Potency of ALG During Preparation of a Typical Batch 


Protein 
Preparative Step Concentration* 
Plasma pool SE? 
After absorptions 45.7 
After SiO, treatment 34.3 
Post-chromatography 3.53 
Final ALG 50. 


Reciprocal Reciprocal 
Lymphocyto- Hemaggluti- Platelet 
toxicity nation Aggregation 
Titer Titer Time 
800 4096 N.D. 
350 <32 7i sec 
300 «2 N.D. 
150 16 57 sec 
2400 «32 48 sec 


* Protein concentration (Biuret) varies with diluents and concentration procedure. 


Briefly, azathioprine 5 mg/kg/day is begun on the day of 
surgery and tapered to maintenance lévels of 2.0—2.5 
mg/kg/day; prednisone is begun at 2.0 mg/kg/day and 
tapered to maintenance levels of 0.5—0.33 mg/kg/day. 
Beginning on the. first postoperative day, horse anti- 
lymphoblast globulin (ALG) 30 mg/kg is given intra- 
venously for 14 days. Methylprednisolone (20 mg/kg) is 
given intravenously for the first 3 post-transplant days. 
The graft is irradiated (150 rads/treatment) on day 1, 3 
and 5 postoperatively. Almost all patients had undergone 
bilateral nephrectomy and splenectomy prior to trans- 
plantation. Rejéction episodes were treated with 20 mg/kg 
inethylprednisolone i i.v./day for 3 days plus increases in 
prednisone dose to 2.0 mg/kg/day with tapering regimens 
similar to that described above. The graft is re-irradiated 
as previously. described with 150 rads/tréatment on days 
1, 3; and 5 after the diagnosis of the rejection episode. 
Tissue typing and cross matching is performed in the 
laboratories of Dr. E. Yunis by techniques previously 
describéd. 7 A few donor-recipient pairs were not tissue 
typed, since they received transplants before typing 


techniques became available. For the purpose of this - 


analysis, the match between donor and recipient was 
measured by comparing the nuniber of common identi- 
fiable HLA antigens present on both donor and recipient 
leukocytes. 

Each of the figures illustrates either the survival of pa- 
tients (Figs. 8 and 9) or function of kidney .21:29.22,22,36,47 
All causes of death and all causes of loss of kidney 
furiction including death are included in the charts. This 
includes any causes of death at whatever time after 
tránsplantatioh —even deaths on dialysis years after trans- 
plant failure. Since all patients have been followed for at 
least one year following transplantation, the absolute one- 
year patient survival rate and transplant function rate 
can. be read directly from the charts. The life table 
analysis technique of Kaplan and.Meier!5 was used to 
compute the survivalship curves. Student's T tests were 
calculated from the data using the results at 1 and 2 years. 

Storage and Administration of ALG: The. material (50 
mg/IgG/ml) is stored at —20? until use. At that time it is 
diluted in saline to a protein concentration of 10 mg/ml. 
It rust not be.in contact with glucose at any time because 


of a formation of microaggregates. The infusion is 
carried out into a central vein, arteriovenous fistula, 
or into hemodialysis shunts with T tube sidearms. It 
inust not be given into a peripheral vein, subcutaneously, 
or intramuscularly since it induces pain and thrombosis. It 
is infused slowly over 4—6 hours with a final filter (1 p) 
which is designed to remove aggregates which. may have 
formed, and to slow the rate of infusion. Platelet counts 
are done daily and the dose of ALG adjusted to conform 
with thrombocytopenia which occurs in occasional pa- 
tients. For platelet counts less than 100,000 half the dose 
should be administered; for platelet counts less than 
50,000 one-quarter of the dose administered or discon- 
tinued until the platelet count has returned to above 
150,000. It should be stressed that all patients in this 
group have had their spleen removed which may minimize 
thrombocytopenia. 


- Results 


Alterations in ALG during preparation: Table 1 illus- 
trates the alterations in lymphocytotoxic potency, hemag- 


LO Fic. 4. Effects of two pre- 
parative techniques on 


"E: microaggregate formation 
‘> O06 in ALG. The upper figure 
o Ba demonstrates microaggre- 
SEU gate formation in the 
E Q2 smaller peak when ALG 
> o was prepared by salting out 
€ | i procedures and alcohol 
es fractionation. The lower 
1.6 figure demonstrates the 
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TABLE 2. Safety Testing Results on Minnesota 
Anti-lymphocyte Globulin 








Number 
Preparation of Lots Sterility Pyrogen Safety 
Alcohol fractionation 47 3/47 fail 3/47 fail 1/47 fail 
QUE fractionation 60 0/60 fail 3/60 fail 0/60 fail 





glutination, and antiplatelet antibodies for a typical 
plasma pool during the preparation steps in Fig. 1. 

It can be seen that each step in the preparatory 
process (after bleeding) results in decreases in the hemag- 
glutination titer until the final concentration step. Figure 2 
demonstrates how chromatography also reduces the 
hemagglutination titer. This step actually increases the in 
vitro potency as determined by lymphocytotoxic tech- 
niques (Table 1). Since QAE sephadex Chromatography 
removes aggregates and immunoglobulins other than 
IgG (Fig. 4), this strongly suggests that less pure prepara- 


™_ tions contain inhibiting materials as has been demon- 


strated in animal studies.*!* 

Figure 3 lists the composition of the final product 
prior to dilution and injection into patients. | 

Table 2 demonstrates the incidence of bacterial con- 
tamination, presence of pyrogenic material, and animal 
toxicity in all the batches made since 1970. For compari- 
son, the results of salting out procedures used prior to 
1970 are recorded. No animal toxicity or contamination 
has been found in the past 5 years and only three batches 
have been pyrogenic. All pyrogenic lots are recycled and 
rendered pyrogen-free prior to use. 

Effects of infusion into patients. Figures 5 and 6 demon- 
strate the effect of ALG administration on the numbers 
of peripheral blood lymphocyte total and subpopulation 
when ALG is infused into a typical patient. It can be 
seen that following the infusion of ALG the total lympho- 
cyte count fell to approximately 4% the pre-transplant 
level (Fig. 5) and T cells dropped to negligible levels. 
The B cells were not greatly affected and the number of 
null cells increased. Immunofluorescent studies of the null 
cell population demonstrate ALG on the surface of the 
null cells (Fig. 6). Part of the circulating T cell deficit 
apparently represents the binding of ALG to T cells 
rendering them incapable of detection by standard tech- 
niques. | 

Figure 7 demonstrates the levels of circulating horse 
IgG in 150 consecutive patients studied during infusion 
in 1971—1973. It is apparent that horse globulin levels of 
800—1200 ug/ml are maintained for at least 10 days after 
ALG infusion is stopped. Immune elimination of the 
ALG could not be detected in any patient. It is likely 
that the circulating IgG does not contain antibody to 
lymphocytes since this specifically anti-human com- 
ponent has already been absorbed into lymphocytes 
(Fig. 6). 
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Fic. 5. Peripheral blood lymphocyte subpopulations in a transplant 
patient receiving antilymphocyte globulin (ALG). ALG was in- 
fused during thé first 14 days after transplantation in addition to 
azathioprine and prednisone which were continued after the 14-day 
period. For the first three days following transplantation, : 20 mg/kg 
methylprednisolone was infused. 


Allergic Reactions to ALG: Fifty consecutive patients 
receiving ALG were studied intensively by independent 
observers from the allergy service (Dr. M. Blumenthal). 
Five patients (1095) experiericed transient fever, chills 
or mild malaise, associated with the injection of ALG. 
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Fic. 6. Lymphocyte subpopulations after ALG infusion into patient. 
Compare this figure with Fig. 5. While total lymphocyte counts 
were severely reduced during the infusion of ALG, a real and relative 
increase in null cells appeared. This figure demonstrates that the rise 
in proportion of null cells was paralleled by lymphocytes de 
ALG on the cell surface. 
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Fic. 7. Circulating levels of horse IgG ; in 150 consecutive transplant 
patients (1971— 1973). The vertical axis refers to ALG levels in micro- 
grams/milliliter and the horizontal axis to the days following trans- 
plantation. A rapid risé in circulating horse globulin levels was seen 
and this level was maintained even after infusion was stopped on the 
14th ‘posttransplant ` day demonstrating ‘that horse IgG was not 
eliminated from the circulation by i immune pros esses. 


These episodes appeared to be self-limited and were 
thought to represent thermal or toxic reactions to the 
infusion of protein rather than allergic reactions, since 
merely slowing the infusion rate permitted ALG treatment 
to-be continued. o 

Skin tésts were performed on 28 patients with hista- 
mine, anti-IgE, ALG, crude horse IgG, pure horse IgG, 
and horse dander. The results are recorded in Table 3. 
The skin reactivity of transplant patients to histamine and 
anti IgE were normal. The reaction of control patients 
allergic to: horses demonstrated the allergenicity of the 
test preparations. Transplant patients, however, uni- 
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formly failed to respond to any horse globulin prepara- 
tion or to horse dander. 

Anti-ALG levels were performed in these 50 patients, 
but antibodies to ALG were not detectable in any. 
Twenty-three serum samples from patients who had re- 
ceived ALG were sent to Dr. Felix Milgrom to.determine 
the incidence of **serum-sickness antibodies.'' Only 3/23 
samples demonstrated any antibody titer by this ex- 
quisitely sensitive technique. 

Clinical Observation of all patients receiving ALG 
since 1971 have revealed no clinically apparent allergic 
reactions except in three patients who had worked with 
horses for most of their lives. In contrast, the incidence 
of clinically apparent allergic reactions (urticaria, serum 
sickness, anaphylactoid reaction) prior to adoption of 
the current preparative techniques in 1971, was 5896. 
Most of these reactions were minor urticarial of febrile 
reactions ànd no patients have died in association with 
ALG administration at any time. 

Other complications of ALG administration: Two 
patients receiving ALG prior to adoption of the current 
purification techniques developed thrombosis of the trans- 
planted renal artery during ALG infusion. These patients 
survived and underwent re-transplantation at a later date. 
These events prompted the studies of platelet aggregating 
factors and the absorption of the ALG with platelets, a 
shorter Course of immunization to reduce the anti-platelet 
activity and improved fractionation techniques. No pa- 
tients have developed: thrombosis of the renal artery 
since that time G. e., in 504 consecutive patients receiving 
ALG). 

Mild thrombocytopenia is the most common complica- 
tion of ALG infusion and frequently requires temporary 
reduction in dosage or slowing of the infusion. It is 
always alleviated by these maneuvers and has not been 
associated with any clinically important hemorrhagic 
episodes. 

Survival and transplant function in 184 recipients of 
first transplants from cadaver donors. Figure 8 demon- 
strates the survival of patients and the function of trans- 
plants following 184 first transplants from cadaver donors 
to consecutive unrelated recipients between January 1968 
and April 1975. All patients have been followed for at 


TABLE 3. Skin Test Results in Patients Receiving ALG, Cranial Non-allergic Patients and Patients aew to be Allergic to Horse Protein* 





Number with Positive Skin Tests 








Number 
of Horse 

Patient Group Patients Histamine Anti-IgE ALG Crude IgG Pure IgG Dander 
Transplant patients . 28 28 28 — 0 0 0 0c 
Nom-atopic _ 

' contro] patients 6 6 6 0 0 0 0 
Horse sensitive 

-atopic patients 3 3 3 3 3 3 3 





E: Courtesy of Dr. Malcolm Blumenthal. 
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Fic. 8. Patient survival and transplant function in recipients of 184 
consecutive first transplants from cadaver donors (January, 1968- 
April, 1975). All patients have been followed for a minimum of 12 
months so that the curves represent the absolute result to that point. 
All causes of death at any time after the transplant and all causes of 
loss of transplant function including death are included in this chart. 
Dotted lines indicate that further loss of graft or life has not occurred 
up to 814 years posttransplant. 


least one year and the length of followup can be seen from 
Fig. 2: 115 patients have been followed for at least 
three years. All causes of death and all causes of 
loss of kidney function, including death are included 
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in these illustrations. Death is recorded even if it oc- 
curred on hemodialysis years after kidney loss or at any 
other time. The two-year patient survival is 78% and the 
two-year transplant function rate is 63%. The curves 
demonstrate that 32% of the kidneys and 16% of the 
patients were lost in the first year following transplanta- 
tion with a major portion of the initial loss taking place 
in the first 6 months. After the first year, loss of the 
transplant function proceeds at a much slower rate. The 
5-year actuarial patient survival rate is 64% and the 5-year 
kidney survival rate is 42%. 

Changes in survival and transplant function with time. 
Figure 9 compares the survival rate and transplant func- 
tion of patients transplanted in the years 1968—1970 and 
those transplanted 1971— 1972 and from 1973— April 1975. 
The two year survival rate is significantly (P = 0.05) 
better for patients transplanted since 1973 (8396) than 
those transplanted prior to 1973 (7096). Similarly, the rate 
of transplant success has also improved so that there is 
significant difference (P = 0.05) between transplant suc- 
cess before (52%) and after 1971 (65%). The major factor 
which has changed with time appears to be increases in 
the dose of ALG because the higher doses of ALG began 
to be used in late 1970. AII the other immunosuppres- 
sive protocols have remained the same. 

The effect of ALG dose on transplant function follow- 
ing cadaver transplantation. Figure 10a demonstrates the 
effect of various doses of ALG on transplant function 
and demonstrates the highly significant (P = 0.05) in- 
creased kidney function rate when greater than 10 mg/kg 
of ALG is administered (66% vs 33%). It also clearly 


**— Fig. 9. Effect of year of 
transplant on patient survi- 
val and transplant function LA 
in recipients of 184 con- 
secutive first transplants 
from cadaver donors. All 
patients have been fol- 
lowed a minimum of 12 
months so that the curves 
represent the absolute re- 
sults to that point. All 
causes of death and all 
causes of transplant func- 
tion including death are in- 
cluded in this chart. Dotted 
lines indicate that further 
loss of graft or life has not 
occurred up to 8/4 years 
posttransplant. The solid 
line to the end of the graph 
indicates that subsequent 
loss of kidneys in that group 
have occurred between 4 
and 8 years posttrans- 
plant. Q 
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enn causes of loss of transplant 
OLIMI (54) function including death 
are included in these 
charts. Figure 10a includes 
all patients and Figure 10b 
includes only non-diabetic 
patients and excludes pa- 
tients whose kidney loss 
was due to technical failure 
and/or hyperacute rejec- 
tion. The dotted lines indi- 
cate that no patients in this 
group have lost their kid- 
neys up to 84 years post- 
transplant. The solid line to 
the end of the graph indi- 
cates that subsequent 
losses of kidneys in that 
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demonstrates that no further improvement can be seen transplant success in our series.?1353 A better picture of 
in the pooled data when the higher doses of ALG areused. the role of ALG administration itself can be gained by a 

The pooled data do not take into consideration techni- series of analyses excluding certain groups of patients in 
cal failures, hyperacute rejection or diabetic status, whom ALG could not possibly be expected to strongly 
all of which have been shown to play a major role in influence the results. Figure 10b demonstrates the effect 


lOO Fic. 11. Effect of anti- 
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cipient on transplant func- 
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transplantation. All pa- 
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of ALG administration on transplant function excluding 
6 patients who lost their kidneys due to technical failure, 


« 4 due to hyperacute rejection and 29 transplants into 


«p— tients have been followed a 


i 


patients with juvenile onset insulin dependent diabetes. 
This figure demonstrates once more that moderate to 
high doses of ALG have significant (P < 0.05) beneficial 
effect on long term kidney function when compared to 
lower doses of ALG and they demonstrated a slight but 
not statistically significant trend toward improved results 
with the highest doses of ALG once the diabetic patients 
have been excluded. In general, however, the gross 
results when you compare Figs. 10a and b are not 
significantly different. 

In subsequent analyses, patients with technical losses, 
hyperacute rejections and diabetes will also be excluded. 
This is important because, as the groups of patients are 
divided into smaller and smaller analytic components, 
death and kidney loss due to extraneous causes such as 
technical failure, hyperacute rejection or myocardial 
infarct in the diabetic could easily distort the data. 

The effect of ALG administration on the transplant 
function of kidneys transplanted to younger and older 
patients. We have previously demonstrated that age is a 
major factor in the long term function of cadaver trans- 
plants. This is further confirmed in Figs. 11a and b where 
the transplant function of older patients appears to be 
far less than in younger patients. It is possible to 


Fics. 12a and b. Effect of 100 
antilymphoblast globulin 
(ALG) dose and tissue 
typing on transplant func- 
tion following cadaver 
transplantation. All pa- 80 
minimum of 12 months so 
that the curves represent 
the absolute results to that 
point. All causes of loss of 
transplant function includ- 
ing death are tncluded in 
these charts. Diabetic pa- 
tients and patients losing 
grafts due to technical 
failure or hyperacute rejec- 
tion are excluded. Fig. 12a 
refers to all patients with 
1 or less identifiable HLA 
antigens shared between 
donor and recipient. Fig. 
12b refers only to patients 
with two or more identifi- 
able. HLA antigens 
shared between donor and 
recipient. A few patients 
transplanted early in the O 2 
series without tissue typing 

have been excluded. Dot- 

ted lines indicate that fur- 
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control for the intervening variable of age when deter- 
mining the effect of ALG in this context. In young 
(«40 years) patients (Fig. 11a) there is a trend toward 
improved results as the dose of ALG administered 
was increased, and these results are statistically signifi- 


‘cant at one year between the lower doses of ALG 


(0-25 mg/k) and the highest dose of ALG (>25 mg/kg). 
There is no significant difference between the results at 
2 years. 

The same trend can be seen in patients older than 40 
who generally do not do as well (Fig. 11b). The five pa- 
tients who received less than 10 mg/kg ALG have all 
lost their kidneys whereas 63% of the older recipients 
of >10 mg/kg ALG maintain kidney function for more 
than two years. There is a suggestion here (not statis- 
tically significant) that the highest doses (>25 mg/kg) of 
ALG in the older patients may be somewhat detrimental 
to success when compared with the moderate doses 
(10—25 mg/kg). 

The effect of ALG administration and tissue typing on 
the transplant function of recipients of cadaver kidneys. 
We have previously shown’ that tissue typing is a major 
factor in determining the success or failure of cadaver 
transplants at the University of Minnesota. Figs. 12a 
and b demonstrate the markedly better results obtained 
in the long-term function of cadaver kidneys when the 
donor and recipient shared two or more identifiable HLA 
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Fics. 13a to d. Effect of antilymphoblast globulin (ALG dose, 
recipient age, and tissue typing on transplant function following 
cadaver transplantation. All patients were followed a minimum of 12 
months so that the curves represent the absolvte results at that 
point. All causes of loss of transplant function including death are 
included in these charts. Figure 13a refers to young patients with good 
matches between donor and recipient, 13b refers to older patients 
with good matches, 13c refers to young patients with poor matches, 
and 13d refers to older patients with poor matches. The doses of 
ALG are high (25 mg/kg/day); medium (11-25 mg/kg/day) and low 
(10 mg/kg/day). A few patients transplanted early in the series 
without tissue typing have been excluded. Dotted lines indicate 
that further loss of graft or life has not occurred up to 84 years 
post-transplant. The solid line to the end of the graph indicates 
that subsequent loss of kidneys in that group have occurred between 
4 and 8 years post-transplant. . 


antigens. Only when the influence of tissue typing is 
controlled can the effect of ALG administration be 
assured since it is possible that recipients of high dose 
ALG received better match kidneys. Figure 12a demon- 
strates that higher doses of ALG (> 10 mg/kg) resulted in 
significantly better kidney survival than did lower doses 
of ALG (P < 0.05) when the donor and recipient shared 
less than one identifiable HLA antigen. When donor 
and recipient shared two or more identifiable HLA anti- 
gens, similar beneficial effect of higher doses of ALG 
can be seen (Fig. 12b). Only two patients received 


NAJARIAN AND OTHERS 


Ann. Surg. e September 1976 


almost no ALG in this group and only one patient 
survives with kidney intact. Better than 95% two year 
transplant function was obtained when recipients who - 
share more than two identifiable HLA antigens with the 
donor received >25 mg/kg ALG; the 5-year projected 
transplant function rate is 7396. Thus, a combination of 
excellent tissue matching and highest dose ALG adminis- 
tration is highly efficacious (P x 0.05) compared to lower 
ALG doses. 

The combined effect of age, and tissue typing as 
intervening variables in determining the efficacy of in- 
creasing concentrations of ALG following cadaver 
transplantation. Figs. 13a, c and d compare the effect 
of varying doses of ALG on well-matched young, poorly- 
matched young, well-matched old, and poorly-matched 
old patients. The young («40) well-matched (=2 HLA 
identities) transplants survive significantly better than 
young poorly-matched kidneys. In both groups (Figs. 
13a and b) there is a trend (not statistically significant) 
toward improved results with the highest doses of ALG. 
The older well-matched transplants function significantly 
better (P = 0.05) than older poorly-matched transplants. 
(Figs. 13c and d). In addition to older (740) well-matched 
patients, there is a significant (P = 0.05) improvement in 
results with higher doses of ALG at one year (Fig. 13c). 
The most surprising finding was obtained when the effect 
of varying doses of ALG in older poorly-matched patients 
was analyzed. Here, for the first time, moderate doses of 
ALG were clearly and significantly (P = 0.05) better 
than the highest dose of ALG even though administration 
of the lowest doses of ALG was followed by the loss 
of all four kidneys. It is apparent that the older patient 
with a poorly matched kidney who receives the highest 
dose of ALG does particularly poorly. 


Effect of ALG on the causes of transplant loss in — 


recipients of cadaver kidneys. Table 4 demonstrates the 
combined effect of ALG dose, patient age and tissue 
match on the incidence of kidney loss (and/or death) 
due to rejection. The overall results demonstrate a marked 
decrease (P <= 0.05) in kidney loss due to rejection as 
ALG doses >10 mg/kg were used. No further reduction 
in the kidney loss could be attributed to the highest 
doses of ALG. 

Table 5 demonstrates the combined effect of ALG 
dose, patient age and tissue match on the incidence of 
kidney loss (and/or patient death) due to local or systemic 
sepsis. The overall results demonstrate no change in the 
incidence of septic loss attributable to changes in ALG 
dose. In the older, poorly matched patient, however, 
there is a marked increase in septic loss with the highest 
doses of ALG. Since the loss due to rejection in this 
group (Table 4) is the same, lower doses of ALG would 
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TABLE 4. Effect of ALG Dose, Age and Match on the Incidence of Kidney Rejection* in Non-diabetic Patients 





ALG Dose =40 years; =40 years; =40 years; =40 years; 
r (mg/kg/day) =2 matches < match 22 matches x] match All 
=10 0/1 (0%) 1/7 (14%) 1/1 (100%) 4/4 (100%) 6/13 (46%) 
11-25 1/5 (2096) 2/20 (10%) 1/6 (17%) 2/23 (9%) 6/54 (11%) 
>25 1/12 (8%) 7/33 (21%) O/11 (0%) 2/23 (9%) 10/79 (13%) 
Total 2/17 (12%) 10/60 (17%) 2/18 (11%) 22/146 (15%) 





* Rejection = Return to dialysis, nephrectomy or death. 


8/50 (16%) 


This table includes all non-diabetic patients excluding losses due to technical failure and hyperacute rejection. 


seem to be indicated because of the tendency for these 
patients to develop infectious complications. 

Effect of ALG dose on the incidence and timing of re- 
jection episodes: The incidence and time of onset of re- 
jection episodes were determined in all 184 patients (Table 
5) as a function of ALG dose. Whereas all patients 
receiving «10 mg/kg ALG had at least one rejection epi- 
sode only 56% of all the patients receiving >10 mg/kg 
ALG required treatment of a single rejection episode in 
the followup period of 1—8.5 years. The onset of rejec- 
tion was also markedly delayed when 10 mg/kg ALG was 
used but no further improvement. was noted when >25 
mg/kg ALG was given (Table 6). 


Discussion 


Heterologous antilymphocyte sera have been used for 
the prolongation of skin,!^182739 pena] 22:2546 hepatic 46 
and cardiac allografts.! Such sera are potent immuno- 
suppressants in animals particularly when they are ad- 
ministered in high doses over prolonged periods of 
time?" or when used as priming agents in conjunction 
with other immunosuppressive modalities.!4:15:28.42,52,53 
Nevertheless, there are a number of theoretical hazards 

“*—~ associated with prolonged administration of any heterol- 
ogous serum and a number of real limitations to its use 
in clinical practice. Serum administration may be followed 
by severe systemic reactions when given intravenously” 
and systemic local irritation has been noted when ad- 
ministered intramuscularly and subcutaneously.'*?° 
Thrombocytopenia, anemia,946 wasting, fever,?>*6 


anaphylactic reactions ,** development of antibodies to the 
injected proteins,**-° loss of potency with prolonged ad- 
ministration?? and deposition of proteinaceous material 
along the basement membranes of renal glomeruli have 
all been reported.!? Our aim has not been to produce an 
antiserum with maximum potency on a comparative 
weight-for-weight. basis, but to produce a drug of optimal 
therapeutic ratio designed to minimize the’ complications 
of administration while achieving, by means of manipula- 
tions of dose, additional. immunosuppressive effects. 
Seven years ago we established certain criteria which had 
to be satisfied for the clinical: ‘usefulness of ALG: 1) a 
high degree of immunosuppressive' activity should be 
present; 2) an antigen should: be found which is easily 
available and which: does not elicit antibodies to red 
blood cells, platelets, Or glomerular basement membrane; 
3) an antibody preparation to be purified to evoke 
minimal sensitization reactions over long periods of time; 
4) the route of administration : should ` minimize ‘both 
toxicity and sensitization; and 5) a mode of immuno- 
suppressive assay?233 should be available in order to con- 
trol the efficacy of the product: We have not suceeded i in 
all these aims. Nevertheless, a high degree of immuno- 
suppressive activity proportional to dose is present in 
our preparatións when assayed for skin allograft survival 
in immunologically normal patients.** Furthermore, 
this in vivo’ test of potency correlates well with in 
vitro cytotoxicity? and rosette inhibition tests.>*! 

Table 7 summarizes the advantages of the modifica- 
tion in ALG preparation we have made. 

Cultured human lymphoblast was chosen as the anti- 


TABLE 5. Effect of ALG Dose, Age and Match on the Incidence of Septic Loss* in Non-diabetic Patients 


ALG Dose «40 years; <40 years; 
(mg/kg/day) =2 matches <1 match 
=10 0/1 (0%) 2/7 (29%) 
11-25 Q/5 (090) 3/20 (1596) 
>25 0/12 (0%) 3/33 (9%) 
Total 0/17 (0%) 8/60 (13%) 


—40 years; =40 years; 

=2 matches =] match All 

Q1 (0%) 0/4 (0%) 2/13 (17%) 
1/6 (17%) 5/23 (22%) 9/54 (17%) 
O/11. (0%) 10/23 (43%) 13/79 (16%) 
1/18 (6%) 24/146 (17%) 


15/50 (30%) 


* Septic loss = Return to dialysis, nephrectomy or death due to local or systemic sepsis. 
The table includes all non-diabetic patients excluding losses due to technical failure and hyperacute rejection. 
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: TABLE 6. Effect of ALG Dose on the Incidence and Timing of Rejection Episodes 
Fraction Fraction 
Patients Patients 
Never With Time of Onset of First Rejection Episode 
ALG Dose Rejecting Rejection. - 
(mg/kg/day) 1-8 Years Episodes « 30 days 30—60 days 60—90 days 90 days 
«10 0/16 (0%) 16/16 (100%) 8/16 (50%) 2/6 (1395) 2/16 (1395) 2/16 (13%) 
11-25 28/65 (43%) 35/65 (54%) 9/65 (14%) 17/65 (26%) 4/65 (690) 3/65 (8%) 
225 45/103 (44%) 58/103 (5692) 14/103 (14%) 29/103 (28%) 8/103 (8%) 7/103 0796) 


gen because it is readily available and because we hoped 
that it would elicit antibodies in horses free from anti- 
bodies to red cells or to platelets.???? Antibodies ta red 
blood cells and platelets do appear, however, and must 
be absorbed even though purification also reduces the 
hemagglutination titer. Anemia is not a problem in these 
patients and thrombocytopenia can be countered by 
merely reducing the dose and slowing the rate of inftsion 
once platelet aggregating factors have been removed by 
absorption. Antibodies to glomerular basement mem- 
brane antigens have never been detected, and this :s an 
important advantage in the use of cultured cells. AI- 
though the lymphoblast appears to be a B cell, our data 
demonstrate that the T cells are either removed or at 
least react with ALG in vivo. 

We have chosen the horse as the recipient animal, 
not because Its antisera will be most potent, but because 
it will provide the largest available plasma volume. We 
have tried to adjust for any deficit in potency by in- 
creasing the dose. 

. We have found that a long immunization period in- 
creases both toxicity and the cross-reactivity of the 


TABLÉ 7. Preparation of Horse Antilymphoblast Globulin 
Technique | Advantages 


Standard antigen; no AB to connec- 
tive tissue 


Cultured human lymphoblasts 


Horse Plasma volume Dosage 


Immunizations and bleedings 
.Short immunization period 
Early bleedings 


| Toxicity, [Cross reactivity 
Maximal potency 


Plasmaphoresis 7Potency and quantity 
Adsorptions 

Plasma - {Titer to plasma proteins 

Platelets {Platelet activity 

RBC stroma lAgglutinin titer 


| Fibrinogen, v Plasminogen 


Silica dioxide stabilization 
{Lipoprotein 


| |Pyrogens, v Allergenicity 
Enhances potency 5 fold 


QAE fractionation 


Enhances potency 2-3 fold 
| Pain 
| Allergenicity 


I. V. administration 





plasma, so that the horse is discarded after onlv 5 
bleedings. We also found that the early bleedings maxi- 
mize the potency, and that plasmaphoresis permits re- 
peated bleedings in the same horse. 

: Several steps in preparation appear of great interest: 
Silica dioxide stabilization is designed to remove fibrino- 
gen and lipoprotein and also decreases plasminogen 
which tends to split IgGa, and diminish potency. QAE 
sephadex chromatography is designed to purify the 
IgG, but also removes pyrogens and enhances potency 
5-fold in animal studies (Condie-unpublished) suggesting 
that there are plasma proteins which act as inhibitors 
to ALG. A further advantage of QAE sephadex chroma- 
tography is that it removes protein microaggregates which 
may have formed during the preceding steps. Such ag- 
gregates are much more immunogenic on intravenous ad- 
ministration than are pure deaggregated IgG. 

The intravenous route of administration has been 
chosen: A) to avoid pain; B) to permit the adminis- 
tration of large quantities of ALG; C) because animal 
studies suggest that I. V. ALG is more potent than intra- 
muscular (Condie-unpublished); and D) to reduce the im- 
munogenicity of the product so that allergic reactions 
will be minimal. In fact the administration of ALG via 
arterio-venous fistulas, central veins, or Buselmeier 
shunts,? is virtually uncomplicated except by thrombo- 
cytopenia. 

Several techniques here combine to nearly totally 
eliminate allergic reactions to ALG— the material is pure, 
free of adjuvant endotoxins, deaggregated and given by 
the I.V. route. All should reduce allergenicity. In fact, 
since these techniques have been instituted there have 
been only three clinically proven allergic reactions in 
more than 500 transplants although fever has been seen 
in about 1095 of patients associated with the infusion of 
high doses of protein. Several, studies of the survival 
of horse IgG and. the. circulation have shown that 


immunoelimination from the circulation is very rare. ` 


Sensitization to ALG did not occur in 28 patients studied 
in depth by skin testing. Thus the plan to: administer 
ALG in a nonimmunogenic method is apparently sound. 

ALG administered in this way results in severe de- 
pression of circulating lymphocyte level and more 
specifically T cells. B cells seem to be ineffective and 
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null cells seem to increase. Studies of the null cells 
suggest that these are lymphocytes coated with the ALG 
prior to sequestration. Even if all these antibody coated 
cells were to survive, there is a two-thirds drop in 
circulating T cells. Casimi et al.!? have recently suggested 
that T cell depression induced by ALG is associated 
with excellent transplant function. If'this is true, the 
immunosuppressive potency of our material should be 
equivalent to theirs dose for dose (but not mg for mg) 
basis. The problem with such an assay is that it does 
not assess overimmunosuppression by ALG, and no such 
assay in vitro or in vivo has yet been devised. 

The proof of the effectiveness of ALG for transplanta- 
tion cannot be conclusively demonstrated from our ex- 
perience, since our approach suffers many of the defects 
of previous studies. These defects have been thoroughly 
and critically reviewed by Monaco and Codish.?9 There 
are few randomized concurrent series of patients who re- 
ceive or do not receive antilymphocyte globulin in con- 


<- junction with standard immunosuppressive protocols 


utilizing azathioprine and prednisone. Turcotte et al.48 
quite clearly demonstrated significant improved patient 
and kidney survival in incompatible living related grafts 
with ALG when compared to those treated without 
ALG. Turcotte was unable to demonstrate any increased 
survival of cadaver allografts, whether ALG was used or 
not. Shiel, on the other hand?” has been able to show 
statistically significant improvement in results in cadaver 
allografts treated with ALG when compared with those 
treated without ALG. In both series the major differences 
in graft survival time in the two groups were apparent in 
the first 6 months after transplantation, the survival times 
being practically identical and parallel thereafter for both 
ALG and control groups. These authors both concur 
with the earlier series demonstrating that ALG apparently 
simplifies the management of patients in the early months 
after transplantation by lessening the incidence of and loss 
due to acute rejection. Both groups concur in the idea 
.when the mismatch is severe, the beneficial effect of 
ALG is more difficult to demonstrate— in Turcotte's 
series this being manifest by failure to demonstrate ALG 
efficacy in cadaver allografts, and in Shiel's series by dem- 
onstrating lesser efficacy in mismatched patients. Cosimi 
et al.’ has recently reported a randomized controlled 
study showing no effect on the gross results after trans- 
plantation but improved results if T cell depression was 
achieved during ALG infusion. 

Our studies are not randomized prospective studies 
but sequential studies using increasing doses of ALG over 
time while maintaining the previous immunosuppressive 
protocol absolutely intact. The advantage of our analysis 
is that it consists of a large enough group of patients to 


¿ control for extraneous factors which should not be im- 


portant in determining the immunosuppressive efficacy 
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of ALG. For example, hyperacute rejection, or techni- 
cal failures should not be preventible by ALG, and these 
small groups of patients can be excluded from the 
analytic aspects of the problem. Similarly diabetic pa- 
tients who frequently die of myocardial infarctions and 
strokes following transplantation unrelated to ALG ad- 
ministration can be excluded in order to control for this 
bias on the selection of recipients. 

Our current analysis of the role of ALG in the success 
and failure of kidney transplants at the University of 
Minnesota is thus part of a multifactorial analysis of the 
overall problem.**** We have previously reported that 
increasing doses of ALG have almost no effect on the 
success of transplantation between relatives.*4 These re- 
sults hold true even when age, sex and tissue typing are 
controlled and when diabetes, hyperacute rejection and 
technical failures are excluded. No patients, however, 
received no ALG except for five siblings with pheno- 
typically identical HLA matches—all of whom currently 
retain their kidneys. The present study clearly shows 
that the use of ALG doses >10 mg/kg/day for the first 
14 post transplant days results in significantly greater 
patient and graft survival. These results were achieved 
by a stable group of clinical investigators using the identi- 
cal immunosuppressive protocols that were in use in 
1968—1970. Our results do not, to any degree, suggest 
that all heterologous antibodies to lymphocytes are useful 
adjuvants in cadaver kidney transplantation in man. It 
only points out that ALG, as prepared in horses from 
antibodies to cultured lymphoblasts purified as described 
here, now appears to be a useful adjunct for old and young 
recipients and for well-matched and poorly matched 
donor-recipient pairs. The incidence of rejection treat- 
ments has been reduced; the rejection episodes signifi- 
cantly delayed rendering early post-transplant manage- 
ment simpler; the losses of kidneys due to rejection 
have been reduced and there has been no overall increase 
in kidney loss or death due to local or systemic sepsis. 

One group of patients, those older than 40 with poor 
matches, appears to benefit from moderate doses of ALG, 
but also appears to do particularly poorly with the highest 
doses. This increased loss is almost entirely due to in- 
creased septic loss in this group. In contrast, one group 
of patients do particularly well with the highest doses of 
ALG—namely those receiving transplants from donors 
with two or more identifiable HLA antigens in common. 

These results are in concert with current clinical think- 
ing about immunosuppression. Both Turcotte et al.48 and 
Shiel et al.?* observed that ALG worked better in better 
immunogenetic matches, as do we. One might well 
expect that recipients of poor matches would require 
higher levels of immunosuppression to achieve a success- 
ful long-term take, and that doses of ALG necessary 
to achieve this degree of immunosuppression might lead 


366 


to infection, especially if they were supplemented with 
several further treatments with antirejection steroids. In 
short, safe doses of ALG are safe only if rejection is 
successfully averted. If ALG fails to avert rejection, its 
immunosuppressive potency combined with antirejection 
steroids will enhance infection. The patients older than 
40 who are poorly matched cannot seem to tolerate the 
additional immunosuppressive load. 

What can one expect from ALG? Only that it will 
be safely administered and reduce the incidence and 
severity of rejection reactions without compounding the 
toxicity of steroids. It is safe to administer in large doses, 
and it does reduce the incidence and severity of both 
short-term and long-term rejection episodes. It also in- 
creases the incidence of infection— but only in older 
patients who require increased rejection treatments. 
More moderate doses of ALG in this group would seem 
to be indicated. 
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DISCUSSION 


Dr. SAMUEL L. KouNTz (Brooklyn, New York): Although 
antilymphocyte globulin preparations are very effective in animals 
in prolonging allograft survival, I think a number of us in clinical 
transplantation have been very dubious of the effect of these prepara- 
tions in prolonging human renal allograft survival. 

I would like to support Dr. Najarian’s suspicion that this is probably 
not correct, and tell you some preliminary results on a randomized 
study that we began three years ago, using an antithymocyte globulin 
prepared by the Upjohn Company. Our patients were matched for both 
-age and sex, and were randomized on the basis of HL-A, SD, and LD 
antigens. We chose to study the dose relationship from a single batch, 
using a control group that received standard immunosuppression— 
two groups, a group that received low dose antithymocyte globulin 
intravenously, 2 to 3 mg/kg, and a group that received 2 to 3 mg per kg 
intramuscularly, and another group that received high dose, intra- 
venously, 7 to 10 mg per kg. 

After 15 patients had been randomized into each of the 4 groups, 
it immediately became apparent to us that the low dose intra- 
muscularly and intravenously produced more complications, and 
gave a less graft survival rate, than the high dose. Thus, those groups 
were abandoned. 

We now have more than 80 patients in the cadaveric group which we 
can analyze at one year, and the actuarial analyses show a statistically 
highly significant increased graft survival rate in the high dose group, 
as compared to the controls or the low dose group. 

For example, the one-year graft survival was 52% in the cadaveric 
group, as compared to 83% in the high intravenous cadaveric group. 
This is the first time in my entire experience in transplantation that I 
have been able to demonstrate differences in the result. 

However, the fact that the same batch could produce different 
results, I think, implies a problem in its preparation, and Dr. Najarian 
has gone through the complicated methodology involved. I would 
like to ask him: How can he determine when an effective dose of a 
given batch is given? Because it's quite clear that if an adequate dose is 
not given, the results may not be as expected. 


Does this in vitro test correlate with the effectiveness in the patient, 
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and how would he suggest that the material be administered to future 
recipients? 


Dr. JEREMIAH G. TurRcoTTE (Ann Arbor, Michigan): I'm sorry 
Dr. Najarian had to hurry through some of the results, because I do 
want to comment on some of those numbers. Certainly, an 85%, two- 
year absolute transplant survival with cadaveric grafts is an excellent 
result, even in a selected group of patients. 

The question that Dr. Najarian and others interested in ALG have 
been posing is not, *'Is ALG immunosuppressive?’’ but the question is 
if adding it to a standard regimen will give superior results. 

Part of the problem in trying to demonstrate whether ALG is 
helpful or not is that with Imuran and prednisone you can achieve 
about a 50% good long-term result with cadaveric grafts. Then pa- 
tients, of course, and kidneys are lost for reasons other than rejection, 
leaving us with only about 30 to 40% of patients in whom we can 
potentially show a difference. Hence 10 years to, perhaps, arrive at some 
of these conclusions. 

The data in the abstract on related transplants are identical to some 
work that we did a few years ago; that is, in the poorly matched re- 
lated we were able to show that the addition of ALG improved survival. 
In addition, our own and other work has shown that the number of 
rejection episodes will be decreased during the period that you are 
administering the ALG. 

This, then, brings us to the cadaveric graft situation. I think this is 
sort of a threshold effect, and, essentially, Dr. Najarian, again, if you 
study the figures in the abstract, has given us a dose response. You 
have to give enough of the material, which in his instance is over 10 
mg/kg, or you have to monitor the patient, which is the other direction 
that we're going, and with such tests as T-cell rosettes. 

There is another interesting sidelight that I wish Dr. Najarian 
would comment on. Again, you will notice that he got a better 
result in the cadaveric transplant group in the better HL-A matched 
patients. This is another important area that has interested all of us. 
Essentially, the problem is, if you don't give any immunosuppression, 
everybody rejects, irregardless of HL-A. In the related situation we 
haven't been able to demonstrate that HL-A matching is important, 
but that's not as great as immunologic disparity. 
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Now perhaps Dr. Najarian and his group provided us with a situa- 
tion in cadaveric grafts that we can assess HL-A; that is, with enough 
immunosuppression now, the differences in matching will start to 
show up, and perhaps this accounts for his better results with the 
better HL-A matched group. 


Dr. J. S. NAJARIAN (Closing discussion): Dr. Kountz has worked 
with ATG now, which is a different preparation than that that we use, 
prepared by the Upjohn Company, and has found some highly 
significant figures in his own randomized prospective study. I think 
this- is extremely important, that in a single institution this sort of 
thing -be done, but not in local institutions. The way Dr. Kountz 
does it is not the way they do it in Richmond, or the way they 
do it in Denver, or anywhere else. It has to be done in one institution. 
And.that's why we're reporting on these results, done in one institu- 
tion, where all transplants are done the same way, with the same 
immunosuppression therapy, etc. 

As prospective trials come along, it will definitely show that this very 
potent immunosuppressive agent, properly used and standardized, 
will help improve our results remarkably. 

Dr. Kountz asked the question of how can we determine an effective 
dose. We did that with out skin graft work, and in these studies, 
where we looked at less than 10 mg/kg, 10 to 25, and 25 and above, so 
we can feel that a figure of around 25 mg is pretty adequate for 
most patients, per kg, for our material. But that's not true of the ATG, 
and it may not be true of an ALG made somewhere else. And so, 
therefore, this is a plea for standardization. 

What we do is, we do follow the T-cells. They do fall routinely, 
even though the cell that we've had in culture now for some 8 
years—-and it still retains its HL-A antigenicity —is a B-cell. The 
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cross-reactivity is such that the T-cell is completely suppressed by 
this antibody. 

So what dose to use is something that must be worked out. One of 
the most important things, I think, is to work it out with the T-cells. 
As Cosimi has shown in a paper at the University Surgeons, the big 
problem with that is: How do you know when you are giving too 
much? And the ‘too much” is the side that we really don't have 
the answer to. We know how to give enough, but we don't know how 
to prevent giving too much. 

Dr. Turcotte's comments with respect to his poorly matched related 
kidneys— our results have been the same. Our results with related 
transplants have been in the range of 75 to 80% kidney survivals 
over 5 years, and it's very difficult to improve on those, so we see 
some, but not much, improvement with ALG at low, medium and 
high doses. 

However, we do find that matching is important, which differs 
from some of the people in this country, who have said it isn't. It is 
important. We took all comers in our own series. We took zero matches 
on up to 4-antigen full-house matches, and after doing this for 5 
years, analyzing our results, there was no question that there is a 
marked difference in those patients who have one-or-less match, 
versus those who have two or more. "e 

HL-A identity, I think, is extremely important. We can get results 
approaching 85-9046 for 5 years with a two-antigen match or better ina 
less than 40-year-old patient with a cadaver transplant. The re- 


sults are almost if not better than we can do with related trans- 


plants. So it has made a difference, and a remarkable difference, in 
that group. 

In the poorly matched group it does do not as well, obviously, 
but it does do a reasonable job of improving the statistics with in- 
creasing dosages of ALG. 


Smooth w 
to rough it” 


Our natural-fiber, bulk-producing 
laxative is the easy way to give your patients 
the roughage they need. In constipation, 
whether simple or associated with such 
conditions as diverticular disease, irritable 
bowel syndrome or hemorrhoids, 
Metamucil leads to the soft life. 

The powder mixes with water or 
juices; the Instant Mix is citrus-flavored. 

"Deliciously easy to take. 


Metamucil 


brand of 


psyllium hydrophilic mucilloid ~- 


Searle Laboratories 
Division of G. D. Searle & Co. ' 
Box 5110, Chicago. lllinois'60680 661 ~ 


advanced 
blood flowmeters 
available! 


What's so great about CME Flowmeters? 


e Convenient Readout ePatient Safeguard 

System eZero Flow Reference eMultiple Flow 

Adaptability eExcellent Frequency Response 

e Low Noise — High Resolution eCompact 

Size eWidest Range of Blood Flow Probes 

e Total System Compatibility eComprehensive E CAROLINA MEDICAL F 
Performance in Clinical, Laboratory and S ennan m rron OMICS, ING 
Research Applications 


Write or call for complete information. 


CAROLINA MEDICAL ELECTRONICS, INC. 


P. 0. BOX 307, KING, N. C. 27021 USA TELEPHONE (919) 983-5132 





58A 


Book Reviews 


Polypoid Lesions of the Gastrointestinal Tract: C. E. 
Welch and S. E. Hedberg, 220 pages.$13.50. Philadelphia, 
W. B. Saunders, 1975. 


THE SECOND EDITION of Polypoid Lesions of the 
Gastrointestinal Tract by Welch and Hedberg adds to and 
updates the information contained in the original publica- 
tion. Colonoscopy is well covered as a new aid in the 
diagnosis of lesions of the large bowel and also as an ap- 
proach to removal of polypoid lesions in toto for histologic 
study and definitive treatment for many of these lesions. 
Since the preponderance of polyps of the alimentary 
tract are found in the colon and rectum, approximately 
three-fourths of the text deals with lesions in this 
anatomic area. Definition, classification, incidence, loca- 
tion, and changing concepts as to etiology are well 
covered. 

The unresolved issue of the relationship of single 
adenoma, villous adenomas, and cancer is nicely pre- 
sented in an unbiased manner. The conclusion, al- 
though looked at fairly from both sides, is that the 
adenoma, be it simple or villous, is a precursor of 
cancer. Much of the objective data presented on this 
subject, as well as other subjects in the book, are based 
on the wealth of material and experience at the Massa- 
chusetts General Hospital and Harvard Medical School. 

Infrequently occurring lesions such as familial poly- 
posis, hamartomas, lymphoid polyps, Peutz-Jeghers 
polyps, etc. are discussed. 

Practical considerations in the treatment of polypoid 
lesions are well covered. This subject is approached not 
only as to the anatomic location of the tumor but also as 
to methods of management both conservatively and rad- 
ically. Again, the place of colonoscopy is well presented 
as to technique and suggestions as to prevention of 
complications. The radical approaches to removal of 


cancer of the colon are mentioned in the text but it is - 


not the purpose of the book to cover in detail informa- 
tion on these procedures. 

The last two chapters cover satisfactorily polypoid 
lesions of the small intestine and stomach and their 
management. 

The book is well illustrated. Each chapter includes a 
comprehensive bibliography. 

Polypoid Lesions of the Gastrointestinal Tract can be 
recommended to the medical student, surgical resident, 


and the physician interested in pathology and treatment . 


of lesions of the stomach, small intestine, colon and 
rectum. 
OLIVER H. BEAHRS, M.D. 


Atlas of Colonoscopy: P. Rossini, 205 pages. Padova, 
Italy, Piccin Medical Books, 1975. 


Tuis Atlas of Colonoscopy by Paolo Rossini is a very 
attractive volume. The large clear print on high gloss 
paper makes it a pleasure to read. The innumerable 
colored endoscopic photographs are well spaced and at- 
tractively arranged. Each has beside it a neat explanatory 
note. The photographs are striking in their clarity and 
present the normal appearance of each part of the colon, 
as well as a great variety of pathological lesions of the 
colon. Part one begins with the preparation of the colon 
for colonoscopy. This is carried out with such care that 
one can readily believe the author's statement: “‘complete- 
colonoscopy in the absence of feces is possible in 9596 
of cases." This is supported by the vivid detail of the 
endoscopic illustrations. The use of transillumination and 
fluoroscopy to aid the endoscopist is also shown. The 
author's opposition to the use of general anesthesia 
reflects his concern for the safety of colonoscopy. He 
regards the onset of pain as a valuable sign of impend- 
ing perforation or a false passage of the colonoscope. 
The indications, contraindications, causes of failure, and 
the complications of coloscopy are presented. 

Part two deals with questionable lesions on X-ray 
examination (the barium enema film is shown) found by 
endoscopy to be due to extrinsic compression of the 
colon. The early diagnosis (by colonoscopy) of suture 
line recurrence following resection for carcinoma 1s im- 
pressive. The same is true for the detection and diagnosis 
of many small (one cm) sessile and polypoid carcinomas 
of the colon. Part three describes the author's experi- 
ence with emergency colonoscopy for rectal bleeding. He 
has found it to be tta valuable and decisive procedure 
in 60 to 70% of these cases." There is also a section 
on peroperative (in conjunction with laparotomy) 
colonoscopy, by A. Montori. By steering the tip of the 
scope to a questionable or difficult to see area, the surgeon 
may avoid the need to open the colon. 

This book is obviously written from the author's actual 
experience. It reflects his energy and enthusiasm for the 
field of colonoscopy since its beginning. The English 
translation is unusually good. It would be a most valuable 
book to have, for anyone who does, or expects to do, 
colonoscopy. It is also well worth reading by any abdomi- 
nal surgeon. It can not help but impress him with the many 
ways in which this new modality can aid him in his 
efforts to diagnose and treat patients with lesions ot 
the colon. 

BENTLEY P. Corcock. M.D. 
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Vascular Surgery, Vol. I & If: J. J. Cranley, Vol. I— 
282 pages, Vol. 11— 350 pages, S37.50. Hagerstown, 


Kk Harper & Row, 1975. 


| 
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THE INITIAL VOLUME deals with peripheral arterial 
diseases in a comprehensive and authoritative manner. 
The surgical treatment of aneurysmal, obliterative, and 


embolic arterial disease is well covered, as are less com- 


mon arterial problems, including arterio-venous malfor- 
mation thoracic outlet compression, and vasomotor in- 
stability. The text and the bibliography are quite complete 
and maintain a proper perspective on the subject matter 
which parallels the clinical practice of vascular surgery as 
applied today in this country. This is a practical book 
written by a practicing vascular surgeon of significant 
experience. This is reflected in the personal touch which 
is quite effective in making the book pleasantly read- 
able. While among other things, I have considerable dis- 
agreement about the effectiveness of sympathectomy 
for claudication or healing of amputations, or simple 
aorto-femoral bypass without aortic resection for aorto- 
iliac occlusive disease, or the long-term healing of woven 
grafts, these represent only personal differences and in 
no way detract from a masterful volume which should be 
required reading for any surgeon practicing arterial 
reconstruction. 

The second, more recently published volume deals 
effectively with a wide range of venous disease including 
those of the extremity, mediastinum, and portal system 
as well as with pulmonary embolism. The pathophysiology 
and diagnostic testing for deep venous thrombosis is 
emphasized. Though phlebography is dealt with sparingly 
at the expense of non-invasive diagnostic testing, this 
comes as no surprise because of Cranley's pioneering 


F^ achievements with phleborrheography, the author's term 
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for a plethysmographic technique for the diagnosis of 
deep venous thrombosis. That relatively normal limbs can 
result following inferior vena cava ligation is perhaps 
overstated by seventeen consecutive pages of black-and- 
white photographs showing more than 200 limbs. How- 
ever the text is eminently readable and authoritative 
with an exhaustive and accurate bibliography. 

These two volumes combine to form a nearly complete, 
modern, and practical text on vascular surgery. It ranks 
with the top five books on vascular diseases in the English 
literature and belongs in the library of all those physicians 
and surgeons caring for patients with vascular disease. 

CLEMENT DARLING, M.D. 


Heparin— Structure, Function and Clinical Implications: 
Vol. 52 In Advances in Experimental Medicine and 
Biology. R. A. Bradshaw and S. Wessler (EDS), 422 
pages, $32.50. New York, Plenum Press, 1975. 
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ALTHOUGH sixty years have passed since the recogni- 
tion of the anticoagulant action of heparin and almost 
forty years since it was first employed in the treatment 
of thrombotic disease in man, important new informa- 
tion continues to appear about this interesting molecule, 
and fundamental aspects of its pharmacology are still to 
be unravelled. This volume presents the proceedings of a 
symposium on heparin held in 1974 in an effort to bring 
together basic scientists and clinicians with an interest in 
the structure of heparin, its actions, and its use in clinical 
practice. As the authors state in the preface, "The 
first section deals with the molecular properties of 
heparin, including characterization of the basic structure, 
its biosynthetic origins, its determination and pharmaco- 
logical standardization and the role of individual 
structural elements in its biological properties. The 
second section deals with the functional consequences of 
the interaction of heparin with various physiologic entities 
including antithrombin III, platelets, and lipoprotein 
lipase. The last section deals with the several clinical 
uses of heparin, emphasizing not only the results of many 
trails but also the problems that remain to be elucidated.’ 

This work contains comprehensive statements by many 
of the authorities in the field. Some sections are heavy 
going for the uninitiated, but it will be required 
reading for serious students of heparin. For the causal 
reader who desires to learn more about the compound 
and its action, the book will serve as a ready reference 
to most aspects of the knowledge available. 

EDWIN W. SALZMAN, M.D. 


Peripheral Arterial Disease, Vol. IV Jn Major Problems 
in Clinical Surgery: W. F. Barker, 503 pages, ud 50. 
Philadelphia, W. B. Saunders, 1975. 


MAJOR Problems in Clinical Surgery is an excellent 
summary of peripheral arterial problems as seen today. 
This small volume contains a wealth of information and is 
an excellent source of reference for students, house 
officers, and for those well experienced in vascular 
problems. The chapters are well written, concise, and 
highly informative. They are each followed by an excel- 
lent bibliography and have clearly been written by in- 
dividuals who not only are familiar with the theoretical 
problems but have had practical experience in the field. 
All topics normally considered in the field of peripheral 
vascular arterial surgery are discussed and handled well. 
There does not seem to be a weak chapter in the book. 
The line drawings and the other illustrations used are 
clear and helpful. This volume is generally well illustrated. 

This reviewer found the volume to be excellent and 
recommends it highly as a very favorable addition to 
the library of anyone interested in vascular surgery. 

BROOKE ROBERTS, M.D. 
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Outcome of Severe Damage to the Central Nervous System: 
CIBA Foundation Symposium 34. 354 pages. New York, 
Amsterdam, Elsevier-Excerpta Medica, 1975. 


THE International Symposium on the Outcome of 
Severe Damage to the Central Nervous System presents 
the most recent concepts in recovery of both spinal cord 
and cerebral injuries as reviewed by a panel of eminent 
neurologists, neurosurgeons, and clinical neurophysio- 
logists. Its scope covers very basic proposed mechan- 
isms of neuronal recovery; neuron regeneration, re- 
myelination, activation of previously silent neurons. 
There is also an in-depth discussion of the statistical 
and clinical assessment of acute brain injured states. 
Excellent opening discussions are given and each cate- 
gory is followed by a very informative discussion by 
the entire participating group. The general format of 
the book starts with a series of discussions regarding 
models of neuronal recovery in man and in lower animals. 
The emphasis then shifts to assessment and statistical 
analysis of the various factors that are important in the 
outcome of severe CNS injuries. These include not only 
the physical state of patients recovering from injury 
but also changes in psychiatric profile arid the impact on 
the psycho-social state of the severely injured patient. 
The discussion then changes to objective ways at early 
arrival of an assessment of the extent of i injury which 
can be used by the clinician not only to determine 
the appropriate immediate treatment but also aid in ac- 
curately evaluating long- term outcome. In an attempt to 
better use the clinical data and arriving at an objective 
evaluation, an interesting statistical computer-based 
formulation was described. The symposium was then 
ended by a general discussion regarding mechanisms 
of recovery which reviewed known factors interferring 
with function as they relate to recovery mechanisms 
and objective evidence that these are in fact relevant 
to recovery. The monograph should be very helpful to all 
clinicians engaged in the evaluation and treatment of both 
acute and chronic CNS injured patients. It presents in a 
concise form the information that has been summarized 
from many reviews regarding recovery capabilities as a 
function of extent of injury, degree and depth of initial 
neurological deficits, age, and general pre-trauma health 
of the patient. All of the discussants are well known in 
their field and the book should be worth reading by both 
the young and more experienced practitioner. 

ROBERT F. WILFONG, M.D. 


Cancer Chemotherapy: M. J. Kline and C. J. Haskell, 
324 pages, $16.00. Philadelphia, W. B. Saunders, Co., 
1975. | 


THIS IS THE second iun of a book first published 
in 1970. This edition is 324 pages long and divided into 


BOOK REVIEWS 


seventeen chapters. Generally, the book is well written 
and the illustrations are clear. The initial chapters on 
Introduction to Chemotherapy and Factors Affecting the 
Usefulness of Drugs are succinct and especially well 
written for the reader who wishes to acquire a basic in- 
sight into cancer chemotherapy concepts. Also excellent 
is the third chapter on classes of chemotherapeutic 
agents. Chapters four through fifteen deal with the specific 
chemotherapeutic approach to malignancies of various 
organ systems, i.e., genitourinary neoplasms, breast, 
lung, etc. There is a chapter devoted to the treat- 
ment of complications of malignant disease and a final 
chapter devoted to prospects for the future. Each chapter 
is well referenced, being followed 2 a ERU and cur- 
rent bibliography. 

It is increasingly important for the surgeon to be well 
informed regarding the use of chemotherapy ir the man- 
agement of neoplasia. It is becoming obvious that 
this therapeutic modality will no longer be relegated 
only to those patients who have widespread metastatic 
disease. Its recent demonstrable usefulness as adjuvant 
therapy with surgery in patients with carcinoma of the 
breast and various other solid tumors emphasizes the 
need for the surgeon to have a working knowledge of 
those chemotherapeutic agents useful to his patients. 

This book is excellent in this regard and should prove 
especially useful to the surgical oncologist. 

SAMUEL.A. WELLS, JR., M.D. 


Endocrine Pathology Decennial 1966-1975: S. C. Som- 
mers (ed), 676 pages, $24.50. New York, Appleton- 
Century-Crofts, 1975. | | 


THE 1975 Pathology Annual is the tenth volume of a 
series begun in 1966. Primarily these volumes have had 
an established readership among practitioners of path- 
ology. For the purpose of the 1976 Pathology Annual 
publication, it was decided to collect the articles by organ 
systems from the previous ten editions and to republish 
them in seven decennial volumes. The authors were 
invited to prepare addenda updating their contributions 
until late 1974. 

-= There are twenty-one chapters, most of which deal with 
the pathophysiology: of a specific organ system or dis- 
ease. Specifically, there are chapters dealing with the 
hypothalmus or pituitary (3), thyroid (4), parathyroid 
(1), adrenal (3), thymus (1), and placental throphoblast 
(1). Other chapters are somewhat more general, i.e 
the APUD cell concept, endocrine secretory mechan- 
isms, the metabolism of water and salt, and the patho- 
biology of ectopic hormone production. There are five 
chapters dealing specifically with the ultrastructural 
aspects of endocrine pathology. Fifteen of the twenty- 
one chapters are from volumes published in 1973, 1974 or 
1975, and are relatively current. Some of these articles 
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have addenda bringing the subject up to date, whereas 
others do not. Six of the articles were written before 
1973 and are somewhat outdated. 

This volume will be most useful to those with a 
primary interest in pathology. The surgeon will find it 
most useful as a reference source providing an overview 
in specific areas of endocrine pathophysiology. 

SAMUEL A. WELLS, JR., M.D. 


Manual of Surgical Therapeutics, 3rd edition: R. E. 
Condon and L. M. Nyhus (eds), 461 pages. Boston, 
Little, Brown and Company, 1975. 


STYLED AFTER the immensely popular Manual of Med- 
ical Therapeutics , this manual is intended to provide the 
reader with a readily available guide to the non- 
operative management of the surgical patient. In its 
evolution to the third edition, it has been improved and 
the content expanded without producing a volume too 
large for the white coat pocket. The guidelines for the 
management of surgical problems are concisely written 
and are based on sound surgical principles. New sec- 
tions on acute respiratory insufficiency, nutritional ther- 
apy, gynecologic emergencies, and minor surgical tech- 
niques have expanded the scope of the manual. The 
sections on surgical infections and transfusion reactions 
are excellent and completely up-to-date. The suggested 
reading list at the end of some sections, while sparse, 
is an improvement over previous editions. 

The editors clearly do not intend for the manual to 
be employed as a surgical text, and those who use it as 
such invite educational disaster. As an adjunct to a 
standard surgical test, it will be found by the student, 
house officer or practitioner to be a well organized, 
convenient and economical source of information. 

WILLIAM R. BELTZ, M.D. 


Manual of Surgical Nutrition (Committee on Pre & 
Postoperative Care): Ballinger. Collins, Drucker, Dud- 
rick and Zeppa (eds), 527 pages. $18.50. Philadelphia. 
W. B. Saunders Co., 1975. 


AFTER AN INTRODUCTION on the history of nutri- 
tion this manual is organized into three parts: Part | 
describes the fundamentals of nutrition with emphasis 
on concise, but clear descriptions of the essential aspects 
of metabolism. The second part on sources and utiliza- 
tion of energy provides understanding of absorption 
of nutrients and of various nutritional needs. The third 
and last part, comprised of thirteen chapters, presents 
the response to starvation and stress. The chapters on 
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starvation and stress describe metabolic responses to 
injury, surgical operations, starvation, intestinal fistulas. 
cancer. and infection. In addition the requirements and 
techniques for providing optimal nutritional care in 
surgical patients is outlined precisely. Special problems 
such as liver disease, renal failure, and the problems 
unique to infants are also given particular attention. 
The manual permits a clear understanding of nutrition 
in surgical patients and provides practical descriptions of 
recognition and correction of nutritional abnormalities. 
This book is extremely well organized, clearly written, 
and readable. This reviewer found the manual to be most 
interesting. Each contributor presented his material ef- 
fectively and in such a way that the central theme of 
the publication was maintained throughout. Carefully 
chosen pertinent references document each chapter 
while excellent illustrative material enhances the text. 
This manual also includes an effectively organized Ap- 
pendix providing examples of diets, dietary supplements 
and dietary requirements. In preparing Manual of 
Surgical Nutrition the Committee of Pre and Postopera- 
tive Care of the American College of Surgeons has 
provided a great contribution to the surgical profession 
and thereby to surgical patients. The manual is most 
highly recommended for all surgeons. 

R. Scott Jones, M.D. 


Clinical Evaluation of the Critically Injured: E. Truman 
Mays, 458 pages. $29.50. Springfield, Charles C Thomas, 
1975. 


DR. MAY'S BOOK on clinical evaluation effectively fills 
a major void in trauma medicine. With the increased 
development of instrumentation and laboratory analysis, 
the newly trained physician has become less adept in 
physical diagnosis and its application to trauma medicine. 
This book deals exclusively in the assessment of pa- 
tients with various system injuries leaving treatment to 
other authors. The priorities of care as developed in 
this textbook are concise, organized and, if applied, 
will certainly assist in developing better emergency care. 
The chapters on cardio-thoracic and neurologic injuries 
present assessment techniques clearly for the non- 
specialists. Evaluations of chest and head injuries are 
often poorly done. The chapter on multisystem injuries 
illustrates a clear approach that will benefit learners at 
all levels in approaching these patients with serious 
injuries. The only deficit in the text is the section 
on physiologic commitments of injury. It was not well 
enough delineated for those unfamiliar with physiologic 
consequences of injury and too superficial for those with 
pre-existent knowledge. 
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This book is a valuable addition to the library of 
students and physicians involved in emergency health 
care. 

JOSEPH A. MOYLAN, JR., M.D. 


Scoliosis and Other Deformities of the Axial Skeleton: E. J. 
Riseborough and J. H. Herndon, 339 pages. Boston, 
Little, Brown & Company, 1975. 


THis MUCH NEEDED TEXT on scoliosis and the other 
deformities of the axial skeleton is well-written and well- 
illustrated. The authors are to be complimented on the 
completeness of the book. All of the known types 
and forms of spinal deformities have been thoroughly 
covered, and the various modalities of treatment and the 
indications for each are concise. 

Subject matter includes the important significance of 
the physical examination of the child with scoliosis, 
hereditary influence on the transmissicn of idiopathic 
scoliosis, the techniques of measuring and evaluating 
roentgenograms of patients with spinal deformity, de- 
tailed surgical, bracing, and plaster techniques in the 
correction of such deformities, and guidelines on man- 
agement of children, adolescents, and adults with 
scoliosis. 

The history of the treatment of scolicsis is included, 
and there is a much needed chapter on anesthesia 
in the surgical correction of scoliotic deformities. 
The voluminous list of references covers all aspects of 
spinal deformities, including up-to-date basic research 
articles. | 

This volume should be in the orthopedic library of 
each medical center. It not only serves as a good refer- 
ence text but also should be required reading for 
orthopaedic residents. 

Pediatricians, family practitioners, and orthopedists 
who treat even the occasional child with scoliosis will 
find this a useful book in their library. 

FRANK H. BASSETT, III, M.D. 


Radiology of the Small Intestine, 2nd ed.: R. H. Marshak 
and A. E. Lindner, 620 pages, $37.50. Philadelphia, 
W. B. Saunders Company, 1976. 


THE NEW EDITION of Radiology of the Small Bowel 
Is the outstanding textbook on the subject. The text ts 
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clearly written and blends the authors' extensive personal 
experience with a review of the pertinent literature. 
The outstanding feature of the book, however, is the 
abundant illustrative material. 

The book is complete in its coverage of those 
entities that cause roentgenographic abnormalities of the 
small bowel in adults. Since most of these conditions 
are relatively rarely encountered in the usual radiology 
practice, the remarkable number of quality reproductions 
makes this a particularly valuable reference source. It is 
obvious that this is a very usable book for anyone 
doing gastrointestinal radiology or for any physician who 
specializes in diseases of the gastrointestinal tract. 

The chapters on the small bowel in infants and chil- 
dren by Rabinowitz and Mosely and on small bowel 
angiography by Baum are included for completeness but 
the coverage is not intended to be definitive in these 
areas. 

This is an unusually valuable textbook. 

REED P. Rice, M.D. 


Plastic and Reconstructive Surgery of the Breast: R. M. 
Goldwyn (ed.), 565 pages, $48.50. Boston, Little, Brown 
& Company, 1976. 


ON EDITING Plastic and Reconstructive Surgery of the 
Breast, Dr. Goldwyn has selected over 50 authors in 
anatomy, pathology, physiology, psychiatry, radiology, 
oncology, and plastic surgery to produce a definitive 
book on current principles and techniques in reconstruc- 
tive surgery of the breast. To inject necessary informa- 
tion for practitioners, residents, and students, Dr. 
Goldwyn has imposed commentary by other authorities 
on the material presented in many chapters. When 
conflicting or alternative views were appropriate, differ- 
ent concepts were presented by separate authorities to 
provide a true perspective on the subject. 

At a time when realistic approaches to the problem 
of female breast disease and deformity are being actively 
sought, this book is authoritative, informative, definitive, 
and timely. On reading the text, one is impressed that 
the purpose is not to produce another text, but to produce 
a meaningful source of information for surgeons advising 
and treating patients with breast disease and breast 
deformity. The book is well assembled, thoughtful, and 
informative. 

HARVEY A. ZAREM, M.D. 


Biliary Lipid Excretion After Hepatic Portoenterostomy 


Since 1974, 16 consecutive infants with biliary atresia have been 
treated by hepatic portoenterostomy employing an exteriorized 
Roux-en-Y intestinal segment (Mikulicz). Simultaneous, se- 
quential analyses of bile pigments and lipids in serum and 
biliary drainage were performed. In the 11 patients with sus- 
tained bile drainage, progressive increases in bile volume, 
bilirubin and biliary lipid concentrations correlated well with 
their subsequent return toward normal in the serum. Despite 
relief of biliary obstruction, four patients have had progressive 
liver cirrhosis. The other 7 have residual liver damage which 
has been stable, or in two instances, improved, at late biopsy. 
The clinical and biochemical results suggest that both obstruc- 
tive and parenchymal factors are operative in infants with 
biliary atresia. 


N PREVIOUS COMMUNICATIONS!’ we described a 
I surgical method for hepatic portoenterostomy in in- 
fants with biliary atresia in which the standard Roux-en- Y 
intestinal conduit was interrupted in its mid portion and 
exteriorized as a double barreled Mikulicz enterostomy 
(Fig. 1). The primary objective of isolating the bilio- 
enteric anastomosis from the gastrointestinal tract was the 
control of ascending cholangitis. This objective was 
realized in part and in addition, postoperative biliary 
drainage could be accurately monitored providing an 
early insight into the operation's success or failure in 
relieving biliary obstruction. 

Aside from these very practical observations, the surgi- 
cally created biliary fistula provided an exceptional 
opportunity to investigate the consequences of hepatic 
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portoenterostomy vis à vis biliary lipid metabolism. 
Gross abnormalities of bile lipids are present at diagnosis 
in patients with biliary atresia and, in uncorrected ob- 
struction, are rapidly progressive producing many of the 
distressing manifestations of the disease. Biliary lipids 
have been measured in the serum, stool, urine and duo- 
denal aspirates in infants but rarely in bile itself. 
Moreover, most available data have come from solitary 
analyses rather than serial measurements in an ongoing 
disease. 

The purpose of this communication is to describe our 
surgical experience with the revised operative procedure 
for biliary atresia, report the sequential biliary lipid 
determinations in bile and serum after operation and to 
correlate the biochemical studies with the clinical course 
of infants following hepatic portoenterostomy. 


Materials and Methods 


Patients. Twenty-three infants with *‘non-correctable’’ 
biliary atresia were treated by hepatic portoenterostomy 
during the past 212 years. The operation was revised in 
1974 and the last 16 consecutive patients have had this 
operative modification. All patients were 2⁄2 to 4% 
months old at the time of operation except for one 7- 
month-old child. 

Postoperative Management. Parenteral antibiotics 
(gentamicin and ampicillin) were started immediately be- 
fore operation and continued for 10 days. All patients 
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Fic. 1. Illustration of modified hepatic portoenterostomy procedure 
employing a Mikulicz anastomosis in the Roux-en-Y intestinal seg- 
ment. Insets show subsequent management of Mikulicz enterostomy. 


with functioning bilio-enteric anastomoses were placed on 
oral antibiotics (cephalexin and/or sulfamethaxazole/ 
trimethoprim) for a full year. Postoperative cholangitis 
was treated with specific parenteral antibiotics based 
on the results of bile cultures. The standard formula 
was Portagen. Supplemental fat soluble vitamins were 
given by mouth. 

One to 2 months after operation, when biliary output 
was approximately 50 ml daily, bile was collected from 
the proximal stoma and refed into the distal enterostomy 
after meals. 

Five to 9 months after operation the enterostomy spur 
was crushed with a Mikulicz clamp, converting the double 
barreled enterostomy to a single barreled one, thus 
permitting most of the biliary output to flow directly 
into the intestine (Fig. 1). 

Extraperitoneal closure of the cutaneous enterostomy 
was performed 10 to 14 months after hepatic porto- 
enterostomy. 
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Biochemical analyses. In most patients, biliary lipids 
(cholesterol, phospholipid, and bile acid) in serum were 
determined weekly for the first 4 months and then at 
monthly intervals. Blood samples were generally drawn 2 
hours after meals. 

Ten days after operation, bile drainage from the proxi- 
mal intestinal stoma was sufficient to measure. The daily 
output was determined and analyzed for bilirubin concen- 
tration. In most patients biliary lipids in bile were meas- 
ured weekly for the first 4 months and then at monthly 
intervals until the enterostomy spur was crushed. Sam- 
ples were usually collected from fasting overnight collec- 
tions. 

Total cholesterol in serum and bile was measured 
by an enzymatic technique.!6 Normal values in our labora- 
tory in infants under 1 year of age are 69 to 147 mg% in 
serum and 80 to 170 mg% in hepatic bile. Phospholipid 
in serum and bile was measured using a colorimetric 
procedure. Normal values in our laboratory in 2 to 
13-year-old children are 166 to 247 mg% in serum and 
100 to 430 mg% in bile. Bile acid analyses in serum 
and bile drainage were carried out by one of us (NBI) 
by previously reported methods.’ Normal total serum 
bile acid is less than 1.5 mcg/ml. 


Results 


Patients. There was no operative mortality in the 16 
patients. Five infants never achieved bile drainage. 
Of these, three infants had been explored elsewhere and 
then referred for definitive operation and the other two 
were 415 and 7-months-old at the time of operation. Three 
infants died of liver failure 3, 5, and 5 months after 
operation. 

Eleven infants had sustained postoperative bile 
drainage. Despite bile drainage, four patients had progres- 
sive liver cirrhosis as manifested by hepato-spleno- 
megaly, ascites, and, in one patient, esophageal variceal 
bleeding. The liver has remained somewhat enlarged and 
firm in the other 7 children who have been followed 
from 5 to 16 months after operation. Two of the 7 
have had liver biopsies 1 year after surgery; in both 
there was residual hepatic fibrosis but striking improve- 
ment from the histological findings at the time of defini- 
tive operation (Fig. 2). 

Biochemical Analyses. The 16 patients were arbitrarily 
divided into three groups: those who failed to have 
bile drainage after operation (5 patients); those who had 
bile drainage and evidence of a stable or improved 
hepatic condition (7 patients) and those who had bile 
drainage but had clinical signs of progressive cirrhosis 
(4 patients). 

Operative Failure. Daily stomal drainage in these pa- 
tients was usually less than 20 ml and contained less 
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Fic. 2. Photomicrograph of 
sequential liver biopsies in 
a patient with sustained 
biliary drainage. The bi- 
opsy on the left was done 
at the time of hepatic porto- 
enterostomy and shows 
cholestasis, bile duct pro- 
liferation, and portal fi- 
brosis compatible with 
early biliary cirrhosis. The 
biopsy on the right was 
done at 1 year and shows 
only minimal periportal 
fibrosis and pericholangitis 
(H & E x 150). 


than 1 mg% of bilirubin and inconsequential amounts 
of biliary lipids. The preoperative liver function tests 
(including biliary lipids) were not significantly different 
from those who subsequently had relief of jaundice. 
Variable rises in serum biliary lipids were recorded 
thereafter. 


Patients with Bile Drainage and Stable or Improved 
Hepatic Condition 


Bilirubin. The total serum bilirubin in this group of 
patients increased several mg/100 ml early in the post- 
operative period. Several weeks later there was a gradual 
decline in serum values coincident with increased bile 
output. Serum bilirubin reached normal values 6 to 24 
weeks after hepatic portoenterostomy (Fig. 3). 

Bilirubin excretion was calculated by multiplying the 
24 hour drainage volume and the bilirubin concentra- 
tion in the bile. The amount of bilirubin excretion ex- 
pressed as mg/day at specific postoperative intervals 
is shown in Fig. 4. 

Bile Acids. The mean values of total serum bile acid, 
its component fractions and the ratio of cholic to cheno- 
deoxycholic acid in this group of patients are shown in 
Fig. 5. Total serum bile acid dropped by over two-thirds 
in the first 2 postoperative months. Thereafter the decline 
was more gradual. The highest single preoperative level 
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in this group of patients was 155 mcg/ml and the lowest 
postoperative value, 9 mcg/ml. 

Preoperatively, the serum bile acid components were 
almost equally divided between cholate and chenodeoxy- 
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Fic. 3. Serial postoperative values of total serum bilirubin, bile 
bilirubin and volume of biliary output in a single patient. The bilio- 
enteric anastomosis was refashioned 4 weeks after operation because 
of diminishing quantity and quality of biliary drainage consequent to 
an earlier episode of cholangitis. 
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Fic. 4. Bile bilirubin excretion expressed as mg per 24 hours. Values 
are the product of the 24 hour volume of biliary output and the 
concentration of bilirubin in that collection. The graph shows the 
best least squares logarithmic fit and the standard error of the mean 
(in brackets) at intervals in seven patients with sustained biliary 
drainage. 


cholate. Small amounts of lithocholate and deoxycholate 
were often present. These secondary bile acids appeared 
sporadically in later serum samples in several patients. 
The initial fall in total bile acid was largely due to the 
decrease in the cholate fraction. Subsequently the decline 
in the cholate and chenodeoxycholate fractions was about 
equal. 

Figure 6 shows the total bile salt concentration in biliary 
drainage including cholate and chenodeoxycholate com- 
ponents at specific postoperative periods. The highest 
concentration of bile salts in biliary drainage was found 
during the first months after operation. The cholate frac- 
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tion contributed most to bile salt excretion throughout 
the first postoperative year but especially so in the first 
months. i 

Cholesterol and Phospholipids. Mean preoperative and 
serial postoperative serum cholesterol and phospholipid 
values are shown in Fig. 7. A sharp fall in elevated 
levels was observed during the first months after opera- 
tion and then a more gradual decline to normal or near 
normal values was recorded by the 9th postoperative 
month. 

Cholesterol and phospholipid concentrations in bile 
drainage during the first 5 postoperative months are 
shown in Fig. 8. The progressive increases in concentra- 
tion of these biliary lipids correlated better with bilirubin 
excretion than with biliary bile salt concentrations. 

Patients with Bile Drainage and Progressive Cirrhosis. 
The preoperative and early postoperative values of serum 
and biliary bilirubin and bile lipids in this group of 
patients were not significantly different from those pa- . 
tients with a stable or improved liver condition mentioned 
above. Preoperative levels of serum bilirubin, cholesterol, 
phospholipid and total bile acid declined during the first 
1 to 2 months after operation. This downward trend 
was reversed between 2 and 3 months and the serum 
bilirubin and biliary lipid values subsequently increased 
beyond those recorded preoperatively. In two patients, 
total serum bile acid at 5 months had climbed to over 
200 mcg/ml. 

Bilirubin and biliary lipids in bile drainage fell shortly 
before their levels increased in serum. 


Discussion 


Following Kasai’s initial American report in 19687 


describing alleviation of jaundice in infants with ''non- "* 


correctable” biliary atresia, it was anticipated that a cure 
for this lethal condition had been realized. However, 
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Fic. 6. Mean biliary bile salt concentration in postoperative fasting 
bile collections. Individual bile salt components are depicted; the 
cholate/chenodeoxycholate ratio is shown in parenthesis. There was 
considerable variation between patients. 


several subsequent articles have reported a poor clinical 
outcome despite postoperative relief of biliary obstruc- 
tion.1?7 These kinds of disappointing results have led 
to critical questions of the operation's value and even to 
its propriety.? 

In an earlier report!? it was contended that the reason 
for the unpredictable outcome of surgery was that biliary 
atresia was an ongoing obliterative process of varying 
severity involving both the intra and extra hepatic 
bile ducts. It followed that hepatic portoenterostomy 
would relieve simply one manifestation of the disease, 
that of extrahepatic biliary obstruction, and would not 
affect the arbitrary course of the intrahepatic process. 
Evidence in support of this hypothesis could be found in 
early postoperative liver biopsies which showed progres- 
sion of disease in a significant number of patients? and 
by transhepatic cholangiograms in which an abnormal 
intrahepatic biliary tree was consistently demonstrated.!' 

The findings of the present study further support the 
concept of a dynamic disease process. Although scant in- 
formation is available in children, fractionalization of 
serum bile acids in adults with bile duct obstruction has 
demonstrated marked elevations of the serum cholic 
acid component with an increased cholic to chenodeoxy- 
cholic acid ratio. In parenchymal liver disease, the total 
serum bile acid is also elevated but the cholate/cheno- 
deoxycholate ratio is either normal or reversed and 
secondary bile acids may be present. Our findings confirm 
those observed in previous studies in patients with 
biliary atresia?* in that all infants had preoperative 
bile acid patterns compatible with hepatocellular injury, 
not with bile duct obstruction. The progressive post- 
operative decrease in chenodeoxycholate (Fig. 5) sug- 
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Fic. 7. Mean total serum cholesterol and phospholipid levels before 
and after hepatic portoenterostomy Standard errors of the means 
are in brackets. 


gests, however, there may be aresolution of parenchymal 
injury in some patients and consequently that the disease 
process underlying biliary atresia may be self limiting. 
The dramatic initial fall in total serum bile acid and 
its cholate fraction, on the other hand, is plainly due to the 
relief of biliary obstruction. The biochemical investiga- 
tions in these patients demonstrate conclusively that a 
functional bilio-enteric anastomosis is created by hepatic 
portoenterostomy. In time, not only is bilirubin efficiently 
excreted through the anastomosis but also cholesterol, 
phospholipid, and the immense bile salt excretory load. 
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Fic. 8. Concentration of total cholesterol and phospholipid in biliary 
drainage after hepatic portoenterostomy. Curves were obtained 
using a best least squares logarithmic fit model; standard error of the 
mean (in brackets) is shown at intervals. 
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This latter is evén more impressive when one considers 
the enterohepatic circulation of bile salts in which the 
bulk of the bile salt pool is recycled two to three times 
by the liver during a single meal. 

Because of this major enterohepatic circulation, the 
values of biliary lipids in bile were calculated as concen- 
trations (Figs. 6 and 8) rather than actual amounts. 
Concentration values alone are misleading in a way since 
if the progressive increase in volume of bile drainage were 
taken into account the biliary lipid output would be shown 
to be steadily increasing. Nevertheless, because bile was 
refed to the patient throughout the day, the exact 
amount of biliary lipids excreted versus those synthesized 
could not be accurately determined. In contrast, the poor 
enterohepatic circulation of bilirubin permitted a mean- 
ingful calculation of its total daily excretion by simply 
multiplying the bilirubin concentration by the 24 hour 
volume (Fig. 4). 

With these limitations, the bile biliary lipid results 
suggest that initially following relief of obstruction, bile 
salt is excreted preferentially to cholesterol and phos- 
pholipid or alternatively, that in hepatocellular injury, 
the liver can handle bile salt better than cholesterol 
and phospholipid. Because both factors appear to be 
present in biliary atresia, the abstrusity of the biliary 
lipid data in bile is not susceptible to simple explanation. 

Whatever the interpretation of the biliary lipid data, 
their progressive excretion into bile was undoubtedly 
responsible for the subsequent decrease of elevated serum 
levels. The absolute values of bile pigment and lipid in 
biliary drainage, however, were consistently below nor- 
mal for hepatic bile. The low levels are attributable to 
the dilutional effect of succus entericus from the intestinal 
conduit, the analysis of fasting bile drainage collections 
and probably to decreased excretion as a consequence 
of residual liver damage. 

Two, and possibly three, factors may be incriminated 
in the residual liver damage observed in our patients. 
Earlier, it was pointed out that analyses of serum bile 
lipids support the concept of an active, parenchymal 
process in infants with biliary atresia. The degree of resid- 
ual liver damage would depend on the severity of that 
process. Secondly, extrahepatic ductal obstruction in 
itself has a noxious influence on the liver. In primates 
as little as 10 weeks of biliary obstruction produces 
irreversable liver damage.* The temporal factor becomes 
a crucial one when one considers that these patients 
are obstructed for some time before hepatic porto- 
enterostomy and, based on the results of this investiga- 
tion, are not relieved of biliary obstruction for at least 
6 and for as long as 24 weeks afterwards. This argues 
for prompt diagnostic work-up of jaundice in infants with 
the expectation that operation could be carried out by 6 to 
8 weeks of age rather than 3 to 4 months which is now 
common. It also appears obvious that definitive opera- 
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tion should be performed at the time of initial explora- 
tion. Probably because of the time element, the results of 
postponed hepatic portoenterostomy have been poor in 
our hands. 

The sequellae of postoperative cholangitis is a possible 
third factor contributing to residual liver damage. It 
was anticipated that isolation of the bilio-enteric anas- 
tomosis from the gastrointestinal tract might prevent this 
complication. This has not proved to be the case and 
all children in this series with sustained bile drainage 
have had at least one episode of cholangitis during the 
first 9 months after operation. Despite failure to prevent 
cholangitis, exteriorization of the bilio-enteric segment, 
by eliminating gross reflux of iritestinal contents to the 
liver, has made its control remarkably easier. Moreover 
selection of antibiotics can be made on a rational basis 
from actual bile culture data. Finally, because cholangitis 
results in diminished bile drainage (Fig. 3), earlier diag- 
nosis is possible and thus prompt treatment may be 
effected. | 

The clinical and biochemical results of these investiga- 
tions demonstrate that biliary obstruction can be relieved 
by hepatic portoenterostomy in a significant number of 
infants with extrahepatic biliary atresia. The miserable 
course characteristic of the disease is dramatically altered 
in these patients; pruritis, steatorrhea, cutaneous xan- 
thoma arid essential fatty acid deficiency syndromes do 
not develop and real weight gain and growth take place. 
Unfortunately, this respite is shortlived in some infants, 
who have relentless progression of liver disease irre- 
spective of bile drainage. In the majority of patients with 
bile drainage, however, the intrahepatic disease appears 
self limited and, as noted in two of our patients, resolu- 
tion of liver injury may subsequently occur. Kasai and 
his colleagues? have reported histological improvement in 
serial hepatic biopsies beginning 2 to 3 years after opera- 
tion. Our clinical results also tend to substantiate 
progressive improvement of residual liver damage. The 
infant described in our initial report of hepatic porto- 
enterostomy? is now in his fourth year since operation 
and has no apparent stigmata of his disease. Furthermore, 
we have not yet observed late liver failure in any patient 
doing well more than 1 year after operation. 
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DISCUSSION 


Dr. Eric W. FoNKALSRUD (Los Angeles, California): I would 
like to ask Dr. Lilly if he has had an opportunity to correlate some of 
these fine studies on biliary lipid excretion with the ability of the liver 
to. excrete radioactive rose bengal into the intestine, or with the 
demonstration of intrahepatic bile ducts by injection of contrast 
material into the jejunal segment that is brought to the skin. Have you 
found any correlation between the ductal appearance on serial liver 
biopsies, with the bile lipid and salt excretion studies? 

It is becoming increasingly apparent that we should consider 
biliary atresia as a form of perinatal sclerosing cholangitis, rather 
than congenital malformation. The patients who are benefited by 
portoenterostomy are therefore, most likely to have primary inflam- 
matory narrowing of the extrahepatic bile ducts, with patent, or hypo- 
plastic, intrahepatic ducts. It is of interest that there is almost never a 
dilatation of the intrahepatic ducts above the obstruction in patiénts 
with extrahepatic atresia, perhaps because of this inflammatory reaction 
in the liver. . 

I wonder if Dr. Lilly would attempt to explain the rationale for the 
success of portoenterostomy in.infants with biliary atresia, if the 
intrahepatic ductal system is not patent at the time of operation. 
Would this not pláce the successful patierits in the category of what 
we. have previously called extrahepatic biliary atresia, or perhaps 
hypoplasia rather than intrahepatic atresia. 

Do you perform. the portoenterostomy on all infants with biliary 
atresia, even if the liver biopsy shows only. a few ductal remnants 
or, no bile ducts at all? Do you know of any long-term survivors 
following operation for true intrahepatic atresia in which bile ducts 
have not been demonstrated on the biopsy? 

Finally, two of our patients who ünderwent portoenterostomy for 
biliary atresia are now over 4 years óf age, and they have clear sclerae 
and very low serum bilirubins, but have very large livers and, in this 
case, some ascites. These patients seem to follow a course very simi- 
lar to that which Dr. Longmire described several years ago as biliary 
hypoplasia. I wonder, if Dr. Lilly could comment on the long-term 
followup on some of his patients with biliary atresia who have under- 
gone hepatic portoenterostomy. 

I would like to congratulate Dr. Lilly for being one of the few 
who has added objective data to. the many opinions regarding the 
etiology and management of the biliary atresia syndrome. 


Dr. ALEXANDER HARVEY BILL, Jr. (Seattle, Washington): I 
hope to reinforce Dr. Lilly’s presentation by showing you a hypothesis 
of what was alluded to just now, as to the natural history of this 
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disease. This hypothesis is that, first of all, there is a hepatitis that is 
then followed by a cholangitis, and, following this, an atresia; and that is 
followed by a very severe cirrhosis which occurs almost immediately. 

The evidence for this i$, first of all, it’s been long known that the 
enzyme studies of biliary atresia and of neonatal hepatitis are exactly 
the same. People tried to sort them out one way. or another, and it 
then proved that the enzyme studies do not help, suggesting that 
there is hepatitis in both of these. 

Secondly; and very good evidénce, is the fact that there have been 
5 or 6 well-aüthenticated cases in which babies have been explored 
for biliary atresia, and found to have normal cholangiograms with 
open ducts, and they have had hepatitis. Those 5 or 6 children have 
died of biliary atresia, proven at autopsy. One of these cases was 
described by Dr. Holder. 

Finally, in our cases in. Seattle and others, when one takes out 
these atretic ducts, where these are open, in the early cases one can see 
the cholangitis, with the destruction, and closure of the ducts, so that 
this hypothesis, I think; ts true in some cases. 

Finally, I'm interested in Dr. Lilly's suggestion as to the cause of 
this disease. I feel that the hope for this disease may be in finding the 
cause of the cholangitis. If one could abort this situation here, be- 
tween the hepatitis, which I think comes first, and tlie cholangitis, one 
could probably stop the frustration of treating these children. 


Dr. JoHN R. LirLv. (Closing discussion): Rose bengal studies in 
patients with sustained bile drainage have shown good excretion of the 
isotope into the gut after surpery. Transhepatic cholangiography 
has been successful in about 25% of cases; and has shown a patent 
bilio-enteric anastomosis. 

We have not correlated liver biopsy material. with bile salt excre- 
tion. There has been no correlation between postoperative bile drain- 
age and the degree of preexisting liver damage. 

We have not done frozen sections to rule out other cholestatic 
syndromes such as intrahepatic biliary atresia. We would do the Kasai 
operation in all patierits irrespective of the interpretation of biopsy 
material if the extrahepatic bile ducts were not patent. 

I think the long-term outcome in children with good bile drainage 
will depend on the severity of the residual liver damage. Thus far we 
have not found. a relationship between the degree of: cirrhosis at the 
time of laparotomy and the long-term outcome. Furthermore, we can- 
not predict from our bile acid studies which patients will have resolu- 
tion of liver damage and which will have progressive disease. . 

I agree with Dr. Bill’s concept of an ongoing inflammatory disease 
of the bile ducts but I’m not sure that neonatal hepatitis is the fore- 
runner of biliary atresia. 


Repair of Ventricular Septal Defect in the First Two Years 
of Life Using Profound Hypothermia- -Circulatory 


Arrest Techniques 
B 
G. 


Ventricular septal defect repair has been performed in 57 infants 
ages 21 days to 21 months and under 10 kg in weight using 
profound hypothermia-circulatory arrest technics. Severe conges- 
tive heart failure was the indication for operation in all but two 
infants under 6 months of age, and in those under 3 months 
there was usually an associated moderate or large sized atrial 
septal defect or patent ductus arteriosus or a coarctation. In 
infants over 6 months controlled heart failure was accompanied 
by failure to thrive and often recurrent respiratory infections. 
The main indication for surgery in three infants was repeated 
severe respiratory infections and in 7 infants, ages 10-15 months, 
an elevation of pulmonary vascular resistance of 6 units M? or 
more. There wére two hospital deaths among the 49 infants 
without coarctation (ages 6 and 20 months) and two among the 8 
with coarctation. Postoperative respiratory and other complica- 
tions were uncommon. On late review there was no significant 
residual VSD amongst the 11 recatheterized patients. Psycho- 
metric studies in 19 children who had reached the age of three to 
four years gave no evidence of cerebral damage due to the circula- 
tory arrest period. In view of these results palliative pulmonary 
artery banding is no longer performed for VSD in infancy unless 
there is a Swiss cheese septum or an associated severe coarctation. 


rykior to the advent of the newer management tech- 
P nics in infants with congenital heart disease, we like 
most others avoided corrective surgery in ventricular 
septal defects (VSD) prior to two years of age, preferring 
to band the pulmonary artery. The tendency was to 
avoid any intervention if at all possible, partly in the 
hope that spontaneous VSD closure would occur. With 
this management there were some deaths under medical 
treatment and some children developed irreversible pul- 
monary vascular disease. In addition, there was a sig- 
nificant surgical mortality from the banding procedure 
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itself and a second operation was of course, also 
necessary.!4 

With the introduction of the profound hypothermia- 
circulatory arrest technics in our institution in 1969,* and 
encouraged by the results of others,'? we began to close 
large defects in infancy. Thé success rate with primary 
repair has been such that since that time, excluding 
one 5-month-old who had pulmonary artery banding 
during the transition phase in management in 1969, only 
four further banding operations have been performed in 
infants with VSD. Two of the infants had multiple 
muscular defects of Swiss cheese type; one of these 
and two others had an associated coarctation of the aorta. 

In reviewing our own subsequent experience with 
primary repair of VSD it became clear that, in contrast 
to most other reports, 94? the majority of our infants 
were under 6 months of age and many of these had 
associated defects, namely additional cardiac shunts or 
coarctation of the aorta. Rather than report the results in 
a series of infants with ‘‘isolated’’ VSD, it seemed far 
more useful to analyze the figures in all infants presenting 
with VSD as their major lesion, for with the possible 
exception of coarctation, the management of the other 
anomalies was incidental to that of the VSD. More- 
over, as New Zealand forms a virtually closed medical 
community and as Green Lane Hospital has handled most 
of the patients with this type of problem, the analysis 
presented the opportunity to assess its incidence in a 
community of approximately three million people. 
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Material 


This series includes all patients under two years of age 
undergoing VSD closure over a 6-year period from 
September 1969, when profound hypothermia technics 
were introduced at Green Lane Hospital. There were 32 
girls and 25 boys. Eleven of the children had congenital 
anomalies of other systems which were occasionally 
multiple, but did not preclude satisfactory overall manage- 
ment. 

The series includes 8 patients with large VSD and 
coarctation of the aorta, in two of whom the pulmonary 
artery had been banded, and also those with additional 
shunts at atrial (ASD) or ductus (PDA) level. Included is 
one patient with a right cervical aortic arch and a se- 
questered left subclavian artery connecting via a PDA to 
the left pulmonary artery associated with a subclavian 
steal from the vertebral artery; one patient with isolated 
dextrocardia and juxtaposed atrial appendages; and one 
with a scimitar syndrome in which the right lung consisted 
only of a lower lobe supplied chiefly from the aorta 
and with rotation of the heart into the right chest. 
Patients with pulmonary stenosis are excluded, although 
a flow gradient of 10—20 mmHg was present in 7 patients. 
Excluded also are those with total atrioventricular canal, 
total anomalous pulmonary venous connection, inter- 
rupted aortic arch, severe congenital aortic stenosis 
or other more complex intracardiac anomalies. 

On clinical assessment, weight was below the third 
percentile in 50 of the 57 children (Fig. 1), and the majority 
showed obvious cachexia. Length and head circum- 
ference were usually affected to a lesser degree. At 
the time of operation the majority (33) were below 7 
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months of age and a further 12 were aged seven to eleven 
months. Only 12 were over one year of age (Fig. 1). In all 
but five the cardiothoracic ratio exceeded 0.55 and in 
14 (2596) was 0.65 or greater. Pulmonary plethora was 
graded moderate or severe on the chest x-ray in all but 
four patients where, in association with an increased 
pulmonary vascular resistance (PVR) or a relatively 
small VSD it was only mild. In 35 children the lung 
fields preoperatively showed interstitial edema and in 17 
of these this was severe despite full medical treatment. 

The electrocardiograms in most showed combined 
ventricular overload. Left ventricular hypertrophy only 
was present in one infant and right ventricular hyper- 
trophy alone was seen in three patients (two with 
dextrocardia and one in whom the pulmonary artery was 
banded). The patient with a small VSD showed no 
abnormality. All were in sinus rhythm and had normal 
atrioventricular conduction. 

Each child had cardiac catheterization performed at 
least once preoperatively, sometimes on an emergency 
basis. Cardiac outputs were calculated using the Fick 
principle usually with direct measurement of oxygen up- 
take. Biplane cineangiocardiography was performed with 
injections in the left and often right ventricles in oblique 
and sometimes other projections. 


Selection for Operation 


The indications for operation were either congestive 
heart failure of varying severity, failure to thrive, re- 
current respiratory infections or a rising PVR. In many 
Instances several of these factors were combined. 

The most useful classification was as follows: 


OPA pressure moderately raised 
e PA & Ao pressures equal or within 10mm 
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Group I. Congestive heart failure (CHF) either life- 
threatening, with surgery required as an emergency or 
semi-emergency (Table 1) or of sufficient severity under 
full medical treatment as to prohibit hospital discharge 
(Table 2). The 15 infants with life-threatening CHF re- 
quired operation in the first few months of life, usually 
below three months of age and the time of onset of 
CHF (taken from the commencement of digoxin therapy), 
was most often in the first month. There was some overlap 
between Groups 1A and 1B as regards both age of onset 
and age at operation. However, CHF was the reason for 
operation in all but two children under 6 months of 
age and was rarely the major indication over this age. 
Radiological evidence of heart failure (interstitial pul- 
monary edema) was noted in 13 infants in Group IA. It 
was also presentin 11 infants in Group 1B, being severe in 
four. 

Among these 30 infants with severe CHF, 16 of the 24 
who received medical treatment prior to 10 weeks of age 
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had a significant associated lesion, namely a coarcta- 
tion or a moderate or large ASD or PDA or both. 
Similarly, when the age at operation was below 4 months, 
15 of 21 infants had such a lesion. In contrast, when the 
age of onset of CHF or operation was more delayed, 
significant associated lesions were rare. 

There was a high pulmonary blood flow in most of these 
infants but in one-third it was less marked in association 
with elevation of PVR to 5—11.7 units M?. 

Poor weight gain was invariable and about half in each 
group were tube fed for varying periods. Associated 
recurrent respiratory infections were a prominent feature 
in only four infants. 

Group II —Failure to thrive (Table 3). The onset of 
CHF was usually delayed in these children compared 
with Group I and it was controlled outside tlie hospital 
with digoxin alone in 9 and additional diuretics in 8. 
There was obvious pulmonary plethora in every patient in 
association with a CTR greater than .55 in all but two. 


TABLE 1. Group 1A Patients With Large Ventricular Septal Defect and Life-threatening 
Congestive Heart Failure Arranged According to Age at Operation 





Catheter Data 
Other Lesions 





Age PVR Type 
Case Onset Catheter- Opera- Wt. Prv/ units Coarcta- of 
No. CHF ized tion (kg) CTR IPE Piv Qp/Qs M? ASD PDA tion VSD 
1 9 dy 15 dy 21 dy 3.3 .70 ++ .89 2.0 9.0 PFO Mod Severe IV 
2 7 dy 17 dy 26 dy 2.9 .62 0 71 2.4 6.0 PFO — — 111 
(PAPVC) 
3 14 dy 21 dy 27 dy 3.1 .60 4 .82 4.0 3.0 PFO -— Severe 1 
4 18 dy 25 dy 5 wk 3.6 .66 ++ 88 3.0 3.6 PFO — Mod 11 
5 16 dy 27 dy 5 wk 2.9 .68 ++ 94 8.0 2.6 Small — — IV 
6 6 wk 8 wk 9 wk 3.4 .65 ++ 75 4.4 4.2 PFO Mod — 11 
7 23 dy 9 wk 10 wk 4.5 .71 ++ .85 — — Mod Mod — 11 (mild 
Al) 
8 6 wk 8 wk 10 wk 3.6 71 ++ 82 3.9 2.0 PFO — Mod H 
9 5 wk 7 wk 11 wk 2.9 .63 + 1.0 2.5 4.4 Large Small — li 
10 21 dy 7 wk 12 wk 3.3 59 -+ 1.0 3.0 5.0 PFO — — 11 
11 9 wk 11 wk 12 wk 4.2 .67 ++ 93 4.0 3.5 Large — — li 
12 28 dy 3 mon 3 mon 3.5 .66 + .62 3.5 1.8 = Smali — 11 
13 8 dy 3 wk* 1.0 4.4 3.0 
13 wk 3mon 4.4 .67 0 1.0 2.3 4.0 PFO -— Severe 1 (banded 
recurrent PA) 
14 12 wk 3 mon 3 mon 3.0 .63 TT .82 3.5 2.5 PFO — — 11 
15 9 wk 3 mon 4 mon 3.4 .65 ++ 89 4.5 2.0 PFO Mod — ll 





* Prior to coarctation repair and PA banding at 3 weeks of age. 

1 IPPR for 16 hours pre-operatively. 

Abbreviations: AI = aortic incompetence; ASD = atrial septal defect; CHF = congestive heart failure; CTR = cardiothoracic ratio; IPE = inter- 
stitial pulmonary edema (+ present, ++ severe); PA = pulmonary artery; PAPVC = partial anomalous pulmonary venous connection; PDA = patent 
ductus arteriosus; PFO = patent foramen ovale; Prv/Piv = right ventricular/left ventricular or aortic systolic pressure ratio; PVR = pulmonary 
vascular resistance (PA mean pressure minus left atrial mean pressure/pulmonary flow in L/min/M?); Qp/Qs = pulmonary/systemic flow ratio; 
VSD = ventricular septal defect, 1 = intracristal VSD; 11 = membranous infracristal VSD; 111 = A-V canal VSD; 1V = muscular VSD. 
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TABLE 2. Group 1B Patients With Large Ventricular Septal Defect and Congestive . 
Heart Failure Rendering Them Unfit for Hospital Discharge 
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Catheter Data 
Other Lesions 





Age PVR Type 
Case Onset Catheter- Opera- Wt. Prv/ units Coarc- of 
No. CHF ized tion (kg) CTR IPE Piv Q#/Qs M? ASD . PDA tation VSD 
16 5 dy 10 dy 5 wk 3.4 .59 .91 2.7 .5.4 Large — — 11 
17 2 wk 3 wk 9 wk 3.2 .61 + + 1.0 2.0 7.0 — — Mod H 
18 6 wk 8 wk 11 wk 3.0 .63 .76 5.0 3.0 Mod Mod — 1V 
19 2 wk 4 wk 12 wk 3.3 .69 + 1.0 3.0 7.0 Mod Mod  — 11 
20 9 dy 3 mon 3 mon 3.4 .64 .91 1.8 8.0 PFO — Severe 11 
21 2 wk 5 wk 85 1.9 7.0 
3 mon 3 mon 3.7 56 .90 1.4 11.7 Small | — — 111 
(1.9)* 
22 9 wk 11 wk 3 mon 3.5 .54 .91 5.0 1.3 Large  — — I 
23 2 wk 3 mon 4 mon 3.7 .59 4 1.0 4.5 3.0 — Small  — il 
24 8 wk 4 mon 4 mon 4.8 58 ++ .88 4.4 2.0 PFO — = 1 
25 11 wk 12 wk 4 mon 4.4 67 .86 2.3 3.0 PFO  — =- 1i 
26 3 mon 3 mon 4 mon 5.0 .61 .90 6.0 2.0 PFO Small — 11 
27 I1 wk 12 wk 5 mon 4.1 .62 ++ 78 9.0 1.0 PFO  — ven i] 
28 3 mon 3 mon 5 mon 3.9 .64 Ta .82 6.0 1.0 — — — IV 
29 3 wk 5 wk 6 mon 4.3 .60 .92 2.0 5.2 — — — l 
30 5 mon 6 mon 94 4.5 3.0 — Small — 11 


7 mon 5.8 . ,64 


* PVR during continuous infusion of Isoproterenol in parenthesis. 
See abbreviations used in Table 1. 


Only Patient 43 had a significant associated lesion. 
Episodes of respiratory infection were more frequent and 
contributed to difficulties in management. 

Because of the relatively benign course, operation 
was delayed in this group until it was clear that weight 
gain was inadequate and only two were under 6 months of 
age at the time of surgery. In three the decision was 
influenced in favor of surgery by the absence of skilled 
medical supervision at home and in two bv a PVR of 
5 units M?, 

Group Ill —Recurrent severe respiratory infections 
(Table 4). 'These were the primary indication for surgery 
in only three patients. Growth was less affected in this 
group. In Patient 49 the VSD was relatively small but this 
infant had bronchospasm and frequent life-threatening 
infections. None had associated defects. 

Group IV —Elevated PVR (Table 5). In these 7 
children CHF at the time of operation at the age of 10— 19 
months was either mild or absent, although in all but 


. one (Patient 55) it had appeared early in life and had then 


required more vigorous treatment. Patient 54 had a 
coarctation repaired and the pulmonary artery banded 
for severe heart failure at 7 weeks of age. Re-examina- 
tion at one year showed an oligemic right lung with 


marked plethora and areas of consolidation in the left 
Jung. Recatheterization revealed a severe stenosis of the 
right pulmonary artery. Assuming that all the pulmonary 
blood flow went through the unconstricted left pulmonary 
artery the PVR in this lung was 23 units M?. Patient 
56 (scimitar syndrome) also had different blood flows in 
each lung in association with a hypoplastic right lung sup- 
plied by a diminutive pulmonary artery and a relatively 
large artery from the descending aorta. The right pul- 
monary vein entered the inferior vena cava. Thus, vir- 
tually the whole pulmonary flow passed into the left lung 
and although the VSD was relatively small, closure 
was advised. The tiny right pulmonary artery was also 
divided in the hope of reducing the venous admixture 
present preoperatively. 

Patients 51 and 52 showed a rising resistance while 
under observation associated with a decrease in both 
pulmonary plethora and heart size. In Patient 52 the PVR 
was beyond the level considered operable in older 
patients and did not fall with isoproterenol administra- 
tion. 

Four of the 7 patients had a history of recurrent respira- 
tory infection and in all but Patient 55 weight was below 
the third percentile. 
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* TABLE 3. Group 11 Patients With Moderate or Large VSD and Controlled Corgestive Heart Failure 
in Whom Failure to Thrive Was the Main Indication for Operation 








Catheter Data Bi 
Respira- 
Age PVR tory Type 
Case Onset Catheter Opera- Wt. Prv/ units Infec- of 
No. CHF (mon) tion (kg) CTR Plv Qp/Qs M? Other Lesions tions CHF VSD 
31 2 4 4 4,2 58 .80 4.0 3.3 PFO No Mild to lI 
mod 
32 2 3 5 4.5 64 .84 3.5 3.0 PFO Yes Mild 11 
33 5 6 6 6.9 .66 .89 3.3 5.0 Nil No Mild* 11 
34 2 3 7 4.2 .67 59 3.3 2.0 PFO Yes Mild to 11 
mod 
35 5 6 7 6.6 58 60. 2.7 5.3 Nil Yes Mild 11 
(3.6) 
36 6 6 7 5.0 59 1.0 4.0 4.0 Nil No Mild IVM 
37 2 9 9 6.5 .62 .63 2.8 2.0 Small ASD Yes <Mild* 11 
38 3 9 10 5.4 .58 94 3.0 23 Mild MI No Mild* II 
* 
39 5 8 10 6.4 55 „44 3.4 1.8 PFO No Mild I h 
40 3 10 11 4.3 64 74 3.6 3.2 Small PDA Yes Mild* [1 
41 5 6 11 6.0 .63 .84 4.0 3.5 Nil No « Mild* 11 
42 1 2 12 7.6 .60 .98 2.3 4.0 Nil Yes Mod 1VM 
43 3 7 12 4.8 59 .88 3:7 2.5 Mod ASD Yes Mild IVM 
44 11 12 13 5.8 4 .68 2.0 3.0 Nil No Mild* LV-RA 
45 — 18 18 10.0 58 65 2.4 3.5 Small PDA Yes Nil* 11 
46 6 15 20 8.5 .60 .91 7.0 3.6 Small PDA, PFO Yes Mild* l 
47 10 19 21 9.0 ae .50 3.0 3.3 Nil No <Mild* 11 


* No diuretics required. 
M = Multiple muscular defects. MI = Mitral incompetence. LV-RA = Left ventricular-right atrial defect (other abbreviations as in Table 1). 


Review of Groups I, II and III indicates that, ex- 


acid was added to lessen sludging of red cells at low. 
cluding those studied in the neo-natal period, 7 infants : 


temperatures. 


had a PVR of 5 units M? or more and in Patient 21 
it was 11.7 units M?, although it fell to normal with 
isoproterenol. In 4 of these infants the major indication 
for operation was severe CHF and in three failure to 
thrive or recurrent respiratory infections, although the 
raised resistance was an added incentive in each instance. 


Method 
Profound Hypothermia 


Circulatory arrest techniques have been employed in all 
these patients, first cooling the child to low temperatures 
largely by surface means (Fig. 2) and then rewarming 
largely by cardiopulmonary bypass (CPB).? The CPB 
circuit (Fig. 3) was primed with one unit of fresh 
heparinized whole blood and consisted of a single roller 
pump, an efficient low prime heat exchanger and a disc 
oxygenator, or more recently an infant Temptrol oxygena- 
tor. Hemodilution was not employed, but 1 gm of ascorbic 


Following surface cooling the chest was opened 
through a median sternotomy at 25? nasopharyngeal (NP) 
and single venous and arterial CPB lines inserted into the 
right atrial appendage and ascending aorta respectively. 
If, at the completion of cannulation the temperature 
had reached 22° NP or less and the circulation remained 
adequate, circulatory arrest was established forthwith by 
draining blood into the machine through the venous line, 
followed by occlusion of both cavae and the aorta, 
the latter distal to the site of cannulation. If, however, 
the temperature remained too high and a longer arrest time 
was anticipated because of acomplex VSD, or the circula- 
tion was inadequate, cooling CPB was established at a 
flow rate of 100 ml/kg/min to lower the temperature 
further. Cooling CPB was required for these reasons in 
28 children and was used electively in another three as 
the primary method of cooling.” Excluding these three 
patients, the average duration of the short period of 
cooling CPB immediately prior to circulatory arrest was 


> 


ite 
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TABLE 4. Group 111 Patients With Ventricular Septal Defect Where Severe Recurrent i 
Respiratory Infections Were the Major Indication for Operation 
Catheter Data 
Age PVR VSD 
Case Onset Catheter Opera- Wt. Prv/ units 
No. CHF (mon) tion (kg) CTR Ply | Qp/Qs M CHF Type Size 
48 I 4 6 7.3 61 84 3.0 2.5 Mild 11 Large 
49 2 5 9 6.4 57 .31 1.6 2.3 Absent 11 Small 
50 5 5 .63 2.0 4.5 
8 9 7.4 .62 .63 1.6 5.3 Mild l Moderate 
(2.5) 


Abbreviations as in Table I. 


6 min. The circulatory arrest temperature varied from 
18°-24° NP (average 20°) with a rectal temiperature ap- 
proximately 3? lower than NP. The circulatory arrest 
time varied between 19 and 71 min (average 40 min), the 
latter at an arrest temperature of 18° NP in a child who 
required reconstruction of the pulmonary artery bifurca- 
tion following earlier banding (Patient 54). 

 Asignificant arrhythmia occurred once only during sur- 
face cooling prior to opening the chest. In a 20-month-old 
infant complete heart block appeared at 27? NP, followed 
soon afterwards by cardiac standstill. The circulation Was 
adequately maintained by cardiac massage during the 
sternotomy and cannulation for CPB. One child de- 


veloped ventricular fibrillation while the sternum was 
being divided and five others during the intrapericardial 
maneuvers prior to commencing CPB. In most of these 
sinus rhythm was easily re-established with direct current 
shock. 

. At the conclusion of the circulatory arrest period the 
child was rapidly. rewarmed by CPB and by raising the 
temperature in the water bed to 40°. The central venous 
pressure was elevated sufficiently to allow the heart to 
eject during CPB and to contribute a pulsatile arterial 

wave form.? Rewarming CPB times varied between 11 
and 45 min (average 26 min). During the rewarming 
period, atrial pressure lines, temporary epicardial pacing 


TABLE 5. Group IV Patients With Ventricular Septal Defect and an Increased PVR Constituting the Major Reason for Operation 


Case Onset Age Opera- Wt. Prv/ 
No. CHF Catheter tion (kg) CTR Plv 
51 5 wk 7 wk E 
9 mon 10 mon 6.9 51 .94 
32 5 wk 8 wk .82 
11 mon 1.0 
13 mon 13 mon 7.0 56 1.0 
53 4 mon 14 mon 14 mon 5.7 .59 1.0 
54 2 wk 1 mon .82 
13 mon 15 mon 6.5 58 1.0 
55 — 15 mon 15 mon 9.2 .Sá .95 
56 1 wk 12 mon 16 mon 7.4 — .66 
57 6 wk 15 mon 19 mon 9.0 .Sá .88 


* PVR of left lung only. 

t No diuretics required. 

$ Coarctation repaired and PÀ banded. 
Abbreviations as in Table 1. 


Catheter Data 
—— Respira- 
PVR tory Type 
. units Other Infec- of 
Qp/Qs M? Lesions tions CHF VSD 
3.0 4.3 
2.4 8.6 PFO No Mild 11 
(4.1) 
4.5 2:5 
1.3 11.0 
1.0 11.8 Mod ASD Yes Absentt H1 
(11.0) 
3.5 6.1 Nil Yes Mildt 1 
3.6 4.7 RPA stenosis 
= 23.0* and coarc- 
tation§ Yes Absent 11 
2.1 9.5 PFO No Absent? 11 
(6.9) 
1.2 6.4* Scimitar 
syndrome Yes Mild 11 
2.5 6.0 PFO No Mildt 11 
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Fic. 3. A photograph of the cardiopulmonary bypass machine used 
in these procedures. There is only one pump for arterial return 
and no open-heart return system (see text). The water mixing valve 
and temperature gauge unit is mounted to the left of the pump. 
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Fic. 2. The anesthetized in- 
fant viewed from above 
lying on the water bed 
covered with ice bags. 
Water at 4° is circulated 
through the bed during the 
cooling phase. The ice bags 
are removed at 25° but the 
child remains on the bed 
throughout the operation. 
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wires and drainage tubes were positioned and wound 
toilet completed. The anesthetic time for these procedures 
was usually less than four hours. 


Method of Repair 


When a PDA was present this was dissected intra- 
pericardially and doubly ligated prior to cannulating the 
ascending aorta. In two infants a coarctation of the aorta 
was corrected at the same operation, but through a left 
posterolateral thoracotomy. Cooling was continued from 
the water bed during this initial stage and after closing 
the chest incision the child was turned, redraped, and a 
median sternotomy performed for CPB cannulation and 
VSD closure. The atrial septum was inspected and ex- 
cept in a few of the earlier patients any atrial communica- 
tion, no matter how small, was closed in order to 
prevent the development of a right to left shunt at atrial 
level in the early postoperative period. 

VSD closure was performed through a short transverse 
right ventriculotomy in 53 of the 57 patients. This 
included the 9 intracristal defects (Type I) and all 
38 infracristal (Type II) defects. It was necessary to 
divide one or more of the conal papillary muscles to 
obtain adequate exposure in 10 of the Type 11 defects and 
these were resutured after the patch had been placed. 
Also included were one of the two Type III defects 
which lay beneath the septal leaflet of the tricuspid 
valve and 5 of the 7 muscular (Type IV) defects. 

A right atrial approach was used in the one example of a 
left ventricular-right atrial defect and in one Type III 
defect where an initial right ventricular incision had failed 
to provide proper exposure. The base of the septal 
tricuspid leaflet required division before this defect could 
be exposed from tl e right atrial approach. 
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A vertical right ventriculotomy parallel to the anterior 
descending coronary artery was used in one Type IV 
defect after inspecting its position from the atrium, 
and a similar left vertical ventriculotomy in another 
Type IV defect after closure through the right ventricle 
proved impossible. The left ventricle was opened 
in two other patients to search for additional apical 
muscular defects which were, however, not found. 
A technique of injecting saline under pressure into the 
left ventricle through the apical vent’? was used when- 
ever there was doubt as to the presence of residual 
muscular defects. 

The VSD was closed by direct suture in 12 infants. 
Four of these were muscular, two were slit-like intra- 
cristal defects within a well-formed conal septum, one 
was a left ventricular-right atrial defect and two were 
relatively small infracristal defects. The remaining three 
were infracristal defects with firm fibrous edges. In 43 
patients a dacron patch was used and in two patients, both 
with Type III defects, pericardium was preferred 
because of its better contouring and lesser bulk beneath 
the confines of the septal tricuspid leaflet. 


Postoperative Management 


Left and right atrial pressures were monitored for 
at least the first 24 hours and used as a guide for 
colloid replacement and arterial pressure for 48 hours 
or longer (via an aortic catheter introduced through the 
femoral artery during surface cooling). Dextrose 596 in 
water was given intravenously at 2 ml/kg/hr. Blood gases 
and serum electrolytes were measured at 4-8 hourly 
intervals and later in the series cardiac outputs were 
measured with thermo-dilution technics.? A rising serum 
potassium was the most reliable sign of a falling cardiac 


te^ output and when this occurred isoproterenol was com- 


m 


4, 


r 
+ 
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menced using a continuous infusion pump at a rate 
of 0.1—0.5 mcg/min. This was required in 17 patients and 
adrenaline was added in one patient. Phenoxybenzamine 
(1 mg/kg) was used in two of the 17 patients to 
establish total alpha blockade in the presence of a low 
cardiac output with severe peripheral cyanosis. One of 
these two infants survived. Whenever there was a slow 
rate from an ectopic focus or heart block the heart was 
paced. A urinary catheter was not used routinely and 
furosemide was given as a diuretic when required. 

The frequency and nature of respiratory support is 
detailed in Table 6. Where the child's cardio-respiratory 
state was clinically good the intratracheal tube was re- 
moved at the end of operation. However, recent respira- 
tory infection or pulmonary edema, an associated coarc- 
tation and age under three months were usually indica- 
tions for respiratory support. CPAP was sometimes used 
alone (Table 6), but was also used to wean a child from 
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TABLE 6. The Number of Children Receiving Respiratory Support 
Postoperatively Related to Age at Operation 








Age (months) <l 1-3 4—6 7-11 12-21 Totals 
IPPB 2 10 2 0 3 7 
CPAP 0 5 4 2 3 14 
None 0 es 6 10 6 25 
Total patients 2 18 12 12 12 56 





CPAP = continuous positive airways pressure with the child breathing 
spontaneously. 

IPPB = intermittent positive pressure breathing using a Bird venti- 
lator and Q circuit. 


the respirator. Respiratory support was seldom required 
in the 7-11 month age group but it was used in half 
the patients aged 12 and 21 months. Five of these 6 
had a PVR greater than 5 units M?. 


Results 
Mortality 


The hospital mortality is related to age and weight at 
operation in Fig. 1. There were two deaths among the 
49 patients without associated coarctation of the aorta. 
Patient 33, aged six months, died 6 days postoperatively 
of an uncontrollable supraventricular tachycardia and 
Patient 46, aged 20 months, died 5 days post-operatively 
from the effects of malignant hyperpyrexia. 

There were two further hospital deaths among the 8 
patients with associated coarctation of the aorta (Table 7). 
Patient 1 was the youngest infant in the series and died 
on the operating table from low cardiac output after 
simultaneous repair of a severe coarctation and a large 


TABLE 7. Patients With VSD and Coarctation of the Aorta 


Age at Timing of 
Case VSD Coarctation Status of 
No. Repair Repair Outcome Coarctation 
1 2idy Simultaneous Died | x 
(at operation) 
3 27 dy Simultaneous Alive (re-op. Recurrent 
for bleeding) 
4 5 wk Not repaired Alive Moderate 
8 10 wk Not repaired Alive Moderate 
17  9wk  Notrepaired Died (21 hrs) A 
13 3mon At age 3 wk Alive Recurrent 
(+ PA banding) 
20 3mon At age 4 wk Alive Relieved 
54 15 mon 15 age 7 wk Alive Relieved 


(+ PA banding) 


In Case 13 the coarctation was again severe at the time of VSD repair. 
In both patients with a recurrence, the coarctation has been re-operated - 
upon successfully. 
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single muscular defect. The heart was grossly enlarged 
with hypertrophy and obvious fibrosis of the right ventri- 
cle. After repair, right heart pressures were half systemic 
and there was no gradient across the repaired coarctation. 
Patient 17 died 21 hours postoperatively from low 
cardiac output following resuscitation from cardiorespira- 
tory arrest 12 hours earlier. The coarctation was of 
moderate severity and had not been relieved, but right 
heart pressures had fallen to near normal levels. She 
was poorly managed postoperatively. 

There was one late death three months postoperatively 
(Patient 52) from right heart failure following an unevent- 
ful hospital course. This child had a very high PVR which 
did not fall with isoproterenol infusion and she would 
have been refused surgery had she been older. After 
repair, right heart pressures fell (PA 44/25, aorta 90/48 
. mmHG) and a lung biopsy showed Grade 2 Heath- 
Edwards changes in the few pulmonary vessels seen. 

. Autopsy examination was performed in all 5 children. 
It confirmed accurate closure of the VSD in all and did 
not reveal any unsuspected cardiac defects. 


Hospital Morbidity 


There were few important postoperative complications 
in these children and their management was usually 
straightforward. Only one patient required re-operation 
for bleeding and this came from a simultaneous coarcta- 
tion repair. There were no significant sternal wound 
infections and no renal complications. Fat necrosis 
produced by the surface cooling technic occurred oc- 
casionally, and resolved spontaneously. Permanent com- 
plete heart block did not occur although it was frequent 
during the rewarming phase at operation and persisted 
for a day or so in four patients. 

Three complications require more detailed comment. 
Cardiac arrest occurred in Patient 18, 15 hours post- 
operatively and in Patient 22, three days postoperatively. 
Both infants were cachectic from chronic severe CHF, 
had required prolonged tube-feeding, and were suspected 
preoperatively of being mentally retarded. Prior to their 
cardiac arrests both infants awoke promptly following 
circulatory arrest times of 38 and 30 min, but after 
resuscitation from arrest both developed seizures and 
their subsequent development indicates important 
cerebral damage. 

Seizures occurred in two other children, in Patient 7 as 
an isolated episode 39 hours postoperatively, probably 
from over-ventilation while on the respirator and in Pa- 
tient 2 on days 8 and 9 in association with metabolic 
acidosis during an attack of severe E. coli gastroenteritis. 
NO child showed athetoid movements postoperatively. 

Significant pulmonary complications were uncommon 
despite the frequency of heart failure and respiratory 
infections preoperatively. Neither of these factors was 
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associated with a high incidence of postoperative consoli- 
dation or collapse in the chest x-rays: Thus, 21 of the 
56 children returning to Intensive Care had clear chest 
radiographs postoperatively, although 5 of these had 
severe interstitial pulmonary edema preoperatively and 7 
had recurrent respiratory infections which were the major 
reason for operation in three (Table 4). Excessive 
pulmonary secretions were rare and tracheostomy was 
never contemplated. Aspiration of ‘secretions was ac- 
complished satisfactorily via the nasotracheal tube (when 
this was left in position for ventilatory support) and 
intubation was not required for longer than 6 days and 
exceeded 48 hours in only 11 patients. 

Thirty-five of the children showed isolated or scattered 
areas of consolidation or collapse on serial chest films 
but these were usually transient and were of clinical 
significance in only 9 instances. In three, the changes 
appeared in the later postoperative period and were 
probably unrelated to the operative procedure. Thus, one 
followed aspiration of vomitus, one was interpreted as 
bronchopneumonia three weeks postoperatively and one 
had similar findings preoperatively in association with a 
cleft palate and excessive nasal discharge. In 6 children 
extensive patchy consolidation or collapse was noted 
early postoperatively but similar changes were present 
prior to operation in four of these and excessive secre- 
tions were present in only one. All had largely cleared 
within three weeks of operation. 

Early breakdown of the VSD repair occurred in Case 
5 when the dacron patch used to close the large mid- 
muscular defect became detached posteriorly. The 
patch was resutured without incident at a second opera- 
tion six weeks after the first. The chest x-ray of this 
patient showed persistent plethora and interstitial edema 
after the first operation. This was in striking contrast 
with the x-rays of all other patients which showed obvious 
diminution of plethora and clearing of edema by the time 
of hospital discharge. 


Late Review 


Clinical data sufficient to assess progress were available 
in 49 of the 52 long-term survivors. All had improved 
symptomatically usually to a marked degree with loss of 
heart failure, increased growth and fewer respiratory 
infections. No late complications from nasotracheal in- 
tubation were recognized. More detailed information was 
available in four areas. | l 

a) Residual VSD and other cardiac defects. Eleven 
patients have had postoperative cardiac catheterization 
(Table 8) either to exclude a residual VSD because of 
suspicious murmurs, or to assess either associated 
lesions or changes in a previous raised PVR. Except 
for patients who underwent surgery in the last year 
and one with probable aortic stenosis all patients in 
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TABLE 8. Recatheterization Data : 
PVR Units M? 
Case Interval Residual ——————— 
No. Postop VSD Repair VSD Other Lesions Before After 
3 3 yr 1 Patch Nil Subaortic stenosis 3.0 1.5 
recoarctation 
T 3 yr 11 Patch Trivial Trivial MI — 2.3 
Trivial AI 
9 5 yr 11 Direct suture Nil Atrial shunt 4.4 1.1 
13 1 mon l Patch Trivial Recoarctation 4.0 2:3 
15 2 yr II Patch Trivial Subclavian steal 2.0 1.4 
19 3 yr l1 Patch Nil Trivial AS 7.0 4.4 
28 2 yr IV Direct suture Trivial Mild MI 1.0 2.0 
38 3 yr 11 Patch Nil Mild MI 2.2 2.0 
48 11 mon 11 Patch Nil Nil 2.5 — 
56 3 yr 11 Direct suture Trivial Scimitar syndrome one 6.4 8.9 
functioning lung 
5]  - 2 yr [1 Patch Nil Nil 6.0 4.2 


AI = aortic incompetence. AS = aortic stenosis. LV = left ventricle. MI = mitral incompetence. PVR = pulmonary vascular resistance. VSD 


= ventricular septal defect. 


whom any residual lesion was thought possible on clinical 
grounds were subjected to cardiac catheterisation. Cine- 
angiocardiograms were performed in left anterior oblique 
projections to profile the ventricular septum after left 
ventricular injections in nine and pulmonary artery in- 
jections in two, and in these two the follow through 
phase was of good quality. One study was performed 
one month after VSD closure to assess recurrence of 
a previously repaired coarctation and showed a small jet 
around the VSD patch. In the remaining studies per- 
formed 11 months to 5 years after repair, one other 
patient (Patient 7) showed a minute jet around the patch 
repair plus a further trivial leak through several small 
apical muscular defects and another (Patient 15) a trivial 
shunt through apical defects but none around the patch 
repair. Two patients showed similar tiny leaks through 
a direct suture repair. None of these shunts was de- 
tectable by oxygen saturation differences or indicator 
dilution curves. 

On clinical findings only one further patient has a prob- 
able small residual shunt (Patient 43) probably through 
an unclosed apical muscular defect. 

The cineangiocardiogram showed unimportant in- 
competence of mitral or aortic valves in three patients 
and pressure withdrawals a trivial aortic gradient in one. 
In Patient 3 a severe tunnel-like subaortic stenosis was an 
unexpected finding not demonstrated preoperatively. In 
Patient 9 there was a small shunt at atrial level follow- 


-» ing direct suture repair of a large ASD. Cineangio- 


cardiographic appearances suggested that the shunt 
might be due to a biatrial coronary sinus. In Patient 28 


there was some bulging of the left ventricular wall at 
the ventriculotomy site, but the ejection fraction remained 
normal. 

The PVR was significantly elevated preoperatively in 
three of the 11 restudied children. It had fallen in two 
while in the child where all the pulmonary blood flow 
went through the left lung it had increased. 

b) Psychometric studies. Whenever possible a Stan- 
ford-Binet test was performed as each child reached the 
age of 3 to 4 years. To date 19 tests have been com- 
pleted. 

There were 13 children with an intelligence quotient 
(IQ) of 92—123, two of 83-85 and four of 55—80, giving 
a mean of 95.3. There were no major circulatory problems 
peri-operatively in these children and there was no rela- 
tionship between the circulatory arrest duration or 
temperature and the IQ. For example, three children with 
IQ's of 123, 115 and 55 had circulatory arrest periods 
of 32, 41 and 35 min at nasopharyngeal temperatures of 
22°, 23° and 22? respectively. 

Among the four children with an IQ of 80 and below, 
two had a low birth weight for gestational age (Pa- 
tient 10, IQ 80 and Patient 12, IQ 55) and Patient 12 
also had apneic turns preoperatively; one had a marked 
left-sided subclavian steal in combination with a se- 
questered left subclavian artery and a mild left hemi- 
paresis noted first at 11 months of age and thought on EEG 
evidence to be due to a right cerebral infarction (Patient 
15, IQ 75); and one had perinatal hypoxia (Patient 19, 
IQ 77). 

The 33 surviving children who have not yet been 
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Fic. 4. Weight before and after VSD repair expressed in percentiles. 
The degree of depression below the third percentile varied considerably, 
but has not been individualized. The shaded area indicates the 
normal range. d 


tested include the two who suffered postoperative cardiac 
arrest (Cases 18 & 22). Significant problems have not 
been suspected in any other patient. 

c) Growth. Measurements of weight and length have 
been obtained in 35 children before and one year or more 
after VSD repair. These have been expressed as per- 
centiles in Figs. 4 and 5. Every child has shown relative 
weight gain since surgery but in five the weight re- 
mained below the third percentile. Changes in length have 
shown a similar trend but in two instances this had fallen. 
One of these children belonged to a family of short 
stature, while in the other there was no obvious ex- 
planation. Head circumference, where small preopera- 
tively, usually improved. 
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d) Electrocardiograms. No disturbances of rhythm or 
atrioventricular conduction were noted at hospital dis- 
missal or subsequently. Although complete right bundle 
branch block (RBBB) was a common postoperative find- 
ing this was not present on late review in 10 patients, 
all of whom had transverse right ventriculotomy. Absence 
of RBBB was apparent in the early postoperative records 
in 8 but in two there was initially an incomplete right 
bundle block which subsequently resolved. Absence of 
RBBB could not be related to the position of the VSD, or 
the method of closure (patch or suture). An additional 
four patients showed incomplete RBBB. Left axis devia- 
tion with a counter-clockwise frontal plane loop 
developed postoperatively in four patients all of whom 
also showed RBBB. 


Discussion 


In this report we have attempted to assess the manage- 
ment of patients presenting with a diagnosis of VSD in 
infancy, including those with associated lesions over- 
shadowed by the VSD. When coarctation was present 
we have included only those patients where the VSD 
was considered large enough to warrant closure. The 
series comes from a closed medical community of ap- 
proximately three million people with a birth rate of ap- 
proximately 63,000/year. 

Over a 6-year period there were 8 to 9 children under 
one year of age born in New Zealand with a VSD 
requiring surgical treatment each year, and another two 
per year between the ages of 12 and 23 months. This 
incidence includes the few patients treated at other 
centers in this country including those where the pul- 
monary artery was banded and VSD closure postponed. 
Approximately half the total number required treatment 
for severe congestive heart failure and the remainder 
for other factors, usually failure to thrive or an elevated 
pulmonary vascular resistance and occasionally severe 
recurrent respiratory infections. We have deliberately in- 
cluded children requiring surgery between one and two 
years of age because they present with symptoms in the 
first year of life and to exclude them would mean that 
the incidence of increased PVR was under-estimated. 
Moreover, following the common practice of including 
only patients in the first year of life in a discussion of 
"infant" management of congenital heart disease would 
obscure the fact that, in VSD without associated coarcta- 
tion there has been no difference in mortality in those 
under 6 months compared with those aged one year; and 
this despite the fact that half those with uncontrollable 
congestive heart failure were critically ill, presented in 
early life and required operation as an emergency OI 
semi-emergency. 

The management of large VSD in association with co- 
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arctation of the aorta is difficult, and the numbers 
reported here are too small to draw firm conclusions. 
Between one-third and one-quarter of our patients with 
VSD presenting in early life with uncontrollable CHF 
had an associated significant coarctation and management 
varied between simultaneous closure of both defects or 
repair of either the coarctation or the VSD as a first 
stage. From our experience simultaneous repair is a feasi- 
ble undertaking and may have a place when both lesions 
are of equal severity. When the coarctation is no more 
than moderate it is probable that VSD closure should 
be undertaken first and when it is severe, coarctation 
repair combined with pulmonary artery banding may be 
preferable. Debanding and VSD closure should then 
be performed before the band has produced fibrosis in 
the pulmonary artery of its bifurcation, as was the case in 
Patient 54. 

In the absence of coarctation of the aorta, the majority 
of the infants who presented with severe CHF in early 
life had additional significant shunts at either atrial or 
ductus level or both. It was quite rare for an infant to 
remain in severe CHF and to require surgical treatment 
in the first three months of life without one or more 
of these additional lesions. Early presentation is not then 
the result of an unduly large or complex ventricular 
septal defect; in fact the types of VSD were no different 
in those under three months when compared with older 
children. In this series three infants, ages 7 to 12 months, 
had more than one muscular defect in the mid-septum 
which were not difficult to close. There were only two 
examples of truly multiple small defects of Swiss cheese 
type during this period, both dealt with by pulmonary 
artery banding. To recognize such patients, preopera- 
tive angiocardiographic studies should demonstrate the 
number, position and size of defects. Multiple projec- 
tions may be necessary to assess each part of the ventricu- 
lar septum. Almost every child in this series presented 
with symptoms under one year of age and the actual timing 
of surgery was influenced by their progress under medical 
management, bearing in mind the possibility of spontane- 
ous closure even in large defects. When, in the absence 
of coarctation, the surgical mortality is as low as 4% there 
would appear to be no justification for continued medical 
management in the presence of severe growth failure or 
repeated severe respiratory infection. Moreover, the 
frequency of significant elevation of PVR beyond the 
neonatal period in this series, was 26% (15 cases), and 
conservative management had led to an unacceptable 
rise in resistance in 6 of the patients with large VSD when 
studied between 9 and 15 months of age. The PVR 
had apparently reached an irreversible stage in Patient 
52 at 11 months of age. Clearly then, if conservative 
management is adopted in large VSD the cardiologist 
must be aware of the frequency of a resistance rise early 
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in life. Unfortunately, our followup is still too short in 
most of this group to establish whether there will be a 
fall in PVR following repair, although the data from 
Du Shane and Kirklin® suggest that this is so in patients 
operated upon under two years of age. 

There is still debate concerning the merits of profound 
hypothermia with circulatory arrest versus conventional 
CPB? for closing these defects in infancy. Conventional 
CPB is more acceptable with VSD than with other more 
complex forms of congenital heart disease as the perfusion 
time can often be kept below one hour, many of the 
patients operated upon have been over 6 months of age 
and exposure of the VSD has seldom proved a problem. 
However, using surface cooling and bypass rewarming 
as described here, CPB can always be kept short, the 
perfusion is pulsatile throughout the rewarming phase? 
and no open-heart blood is returned to the circuit. 
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Exposure during circulatory arrest is without doubt 
greatly superior to CPB. Exposure is also superior during 
the preliminary aortic cannulation or ductus dissection 
for with the temperature already lowered to 24° by 
surface cooling, the blood pressure is low and dissection 
is safe and easy. This is particularly relevant in small, 
critically ill infants with severe right ventricular hyper- 
trophy and a small aorta. 

Finally, postoperative complications including bleed- 
ing, respiratory and renal problems are minimal. This 
series should allay some of the fears concerning cerebral 
damage following properly conducted technics of this 
sort for, taking into account the obvious shortcomings of 
any method of assessment where it is not possible to 
compare accurately the preoperative with the post- 
operative status, and the fact that prior to 6 years of 
age psychometric testing should be interpreted with cau- 
tion, we have not been able to show any recognizable 
damage related to circulatory arrest. 

The approach used to repair the VSD, whether through 
the right atrium?!’ or the right ventricle seems to be 
unimportant, although theoretically it should be prefer- 
able to avoid incising the ventricle in critically ill 
infants. Currently, we prefer to open the right atrium 
first, for the atrial septum must be exposed at some 
stage in the procedure, and to look for the VSD 
through the tricuspid valve. When the defect is not 
immediately visible it can often be located by passing a 
curved forcep through the PFO or ASD and along the 
left side of the ventricular septum—this is particularly 
useful in muscular defects. If exposure is satisfactory 
from the atrium closure can be performed from this 
approach but if not, the appropriate ventricular incision, 
whether left of right, vertical or transverse, can be in- 
telligently planned. It should be noted that in this 
series, using aright ventricular approach, there has been 
no example of a significant residual ventricular defect on 
late review, nor of tricuspid incompetence. This has yet 
to be shown for the atrial approach when used in infancy. 

We conclude from this experience that primary repair 
of VSD using profound hypothermia circulatory arrest 
technics is a safe and reliable procedure. Because of this, 
repair of symptomatic large VSD should not be delayed 
unduly. Pulmonary artery banding should be reserved for 
patients with associated severe coarctation of the aorta 
when it is combined with coarctation repair (and 
often PDA division). It is possibly also indicated in 
those few infants with extensive multiple VSD’s of Swiss 
cheese type, although the evidence that these too cannot 
be managed when necessary in infancy is inconclusive. 
When pulmonary artery banding is performed, the infant 
should have the second corrective procedure at 6 
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months of age, in the hope that the band will not have 
produced fibrosis in the pulmonary artery. 
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DISCUSSION 


Dr. Joun W. KIRKIN (Birmingham, Alabama): 1 would like to 
raise one small question about the matter of multiple ventricular 
septal defects, to which Dr. Barratt-Boyes did not allude in his pre- 
sentation, but in his manuscript and abstract he has raised a question 
about this. 

I would also like to emphasize the dramatic changes that have 
occurred in the field of congenital heart disease by telling you what 
the data say to us at the present time about the ideal age of election 
for repair of large ventricular septal defects. 

This is our own information, which I present to you not very proudly. 
It's not quite as good as Sir Brian's, but at least it is interesting 
to look at. We have broken it down into two periods, 1967—72, and 
then since January of 1972. 

The information in patients over the age of two years is not very 
interesting. There have been no deaths in either period in any pa- 
tients with VSD's over the age of two years. But if you look at the 
group 1967—72, you see two infants less than 3 months of age operated 
upon, with one death; two infants between 6 and 12 months of age, 
with one death; 4 infants between 12 and 24 months of age, with one 
death— so, very high mortality rates. Parenthetically, I would say 
that our indications for operation are the same as Sir Brian outlined 
and I think the patient population is similar to that which he showed 
you. 

The story is different in 1972 to 1976. Three patients less then 3 
months of age, and seven between 3 and 6 months of age were 
operated upon with no deaths; from 6 to 12 months of age, un- 
fortunately, we did have deaths-—— 1596 mortality in that group— 
and in the age group 12 to 24 months, we had one death, for a 10% 
mortality. In the over-all group less than 2 years of age, the mor- 
tality rate is 9%. So this really is a striking change, I think, resulting 
from many, many, many alterations in the management program 
that were introduced about January 1, 1972. 

Since 1972, in addition to these data, which are just in regard to 4 
patients with a single large ventricular septal defect, we have also 
operated on 7 infants less than one year old with multiple ventricular 
septal defects. There were two deaths (29% mortality). I believe that 
this mortality will become less with. some technical changes that 
have been introduced, and that Sir Brian has alluded to, and I wonder 
if Sir Brian really still believes, as indicated in the abstract, that 
initial banding and subsequent repair will, in fact, be superior to 
primary repair in this small group of infants with multiple defects. 

Finally, we are statistically analyzing our own data, and that 
which has been published in the literature in a number of ways. There is 
no correlation between age at operation and hospital mortality rate in 


*^ our own experience since 1972 or in Barratt-Boyes’ data. This and 


K 


x 


other analyses indicate to us that all large ventricular septal defects 
which have not closed or become small should be closed surgically 
by the time the patient is 12 months of age. This is really a dramatic 
change, at least in our thinking, from 5 years ago—a change which 
has largely been brought about by the pioneering contributions of 
Barratt-Boyes. 


Dr. PAuL A. EBERT (San Francisco, California): Barratt-Boyes’ 
use of profound hypothermia and the use of rewarming certainly was, 
I think, one of the major steps forward in the treatment of these 
small infants. This is our experience with all infants, and the only 
difference —they are broken down as to under one year. They are 
not ventricular septal defects exclusively. But we started with the use 
of profound hypothermia, and my only question to Dr. Barratt-Boyes 
today is whether he still feels that this is the ultimate and only way to 
approach. 

The difficulty with profound hypothermia has been that it takes a 
longer time than the surface cooling does, and it does lengthen the opera- 
tive procedure. We have gone to another attempt at perfusion hypo- 
thermia, and have found that we really didn't do nearly as bad as we 
thought, by using high flow to reduce the temperature to around 
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20° or 15°, and then at that point lowering flow to a trickle ot, 
around 10 to 20 cc/kg. This is applicable in many of the defects fer 
perfusion, or trickle flow, and a VSD is one of them, in that one is able 
to usually use a trickle flow and have good exposure of VSD, since 
we agree also with Sir Barratt-Boyes that it is best to do this through 
the ventricle, instead of through the atrium. 

I think the question of the ultimate age at which to repair defects 
in infants is probably going to change, even a little lower, possibly, 
than Dr. Kirklin alluded to, and I think that the success is really re- 
lated more to the state and the general health of the infant, rather 
than to the specific anatomic lesion which one is asked to correct. 
And these babies do not grow, and, of course, the earlier one has the 
opportunity of correction, I think, the more optimal it's going to be. 

We have not seen any difference in our own experience with infants 
under 6 months, as compared with those totally under two years of age. 


Dr. O. Wayne Isom (New York, New York): The low mortality in 
this group of severely ill infants is certainly commendable. More- 
over, the results of late psychometric testing are certainly impressive. 

We had the opportunity to have Sir Barratt-Boyes as a visiting 
professor at New York University two years ago, and also had the 
opportunity to visit with him extensively and observe his technique 
in New Zealand for about a month. Since that time, over the past 13 
months, we have employed his technique. 

We have performed 8 simple VSD closures, and one with a cora- 
bined lesion, to make a total of 9, with no deaths. These patients 
were small, between 3 and 8 kg; so we have certainly been pleased 
with this technique. 

I have two questions. As Dr. Kirkhn mentioned, how do you 
approach the patient with multiple ventricular septal defects at this 
point? Also, how long would you go with circulatory arrest and at 
what temperature? For example, if you find more defects, requiring 
more than fifty or sixty minutes, how do you modify your approach? 

Again I'd like to thank Sir Brian and his team for their pioneering 
efforts, and congratulate him on an excellent presentation. 


Sir BRIAN BARRATT-BoyEs (Closing discussion): The management 
of multiple muscular defects depends on how you define the term 
"multiple." We would not consider a defect in the midmuscular or 
apical septum with several satellite holes around it, as a problem. It 
would be handled in the usual fashion, depending on the other indica- 
tions for operation. 

However, if there is what we would call a true Swiss cheese 
septum—that is, the whole of the septum is peppered with small 
holes—I stil] suspect that delay may be a good idea, because, on 
following these babies after preliminary banding, we have noted that in a 
number of instances most of the holes have closed, so that when we 
come to deal with them at a later age, we are dealing with one or two 
holes, and not 20 or 30. A true Swiss cheese septum may then be one 
indication for banding in VSD. These are rare cases for in our experi- 
ence we have seen only two such anomalies in the last 7 years. 

The approach used for VSD closure is still a matter of debate. I 
really don't think it matters much which way we do it, whether throtgh 
the right atrium or through the right ventricle, provided we don't zet 
complications or residual defects from that approach. l 

Our current practice is to open the right atrium first because we 
always close any atrial communication, even if it’s a patent foramen 
ovale, because of the great importance of avoiding any shunt at the 
atrial level in the postoperative period, which will produce marked 
desaturation. 

We open the atrium first, and look for the VSD through the tricuspid 
ring. Location of the defect, particularly if it is in the muscular 
septum, can be helped often by passing a curved forcep through the 
patent foramen oval or ASD, running it along the left side of the 
septum, and locating it as the tip comes through. We can often see 
exactly where the hole is, and how many there are. Then we can plan 
our approach, whether it should be a transverse or vertical. right 
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ventriculotomy, a right atrial repair, or, occasionally, a left ventriculot- 
omy. 

The question of whether we repair these defects using profound 
hypothermia and circulatory arrest or conventional bypass remains 
debatable also. If we use circulatory arrest, we must decide whether to 
cool by surface means or on bypass (core cooling). 

In ventricular septal defect, where the repair is usually fairly 
simple, and the duration of bypass is relatively short, the advantages 
of circulatory arrest are less forceful. However, it is my view that 
circulatory arrest provides superior and safer operating conditions 
and that surface cooling is preferable even to core cooling, particularly 
in very ill babies with marked right ventricular hypertrophy. The rea- 
son for this is that after surface cooling, by the time we have the heart 
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exposed, the temperature is down to 21°, the heart rate is 30 and the 
blood pressure 30 mm Hg. Under these conditions it is very easy to 
cannulate the small aorta. to close a patent ductus arteriosus or any 
other thing that may have to be done as a preliminary, without 
jeopardizing the circulatory state. This is one of the major advantages of 
surface cooling, as opposed to core cooling, in this group. As far as 
the arrest temperature and time are concerned, we have become more 
conservative, perhaps, rather than less, as the years have gone by, 
and our routine circulatorv arrest temperature is now 18? nasopharyn- 
geal, which (with surface cooling) is usually 13? rectal, and at that 
temperature we have, we believe, a safe circulatory arrest time of 
seventy minutes. If we are going to take less time, we would be 
satisfied with a nasopharyngeal temperature of 20°. 
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emesis 


Emete-con (benzquinamide HCl) effectively 
controls the problem of postoperative emesis — 
often within 15 minutes after administration. 

A chemically unique, non-phenothiazine 
antiemetic, Emete-con has been shown to be 
equivalent in efficacy to prochlorperazine and 
significantly more effective than thiethylperazine 
in double-blind studies. It is well-tolerated: 
drowsiness appears to be the most common side 
effect* Moreover, Emete-con does not charac- 
teristically cause respiratory depression or 
potentiate CNS depressants.’ 





BRIEF SUMMARY OF PRESCRIBING INFORMATION 
EMETE-CON® (benzquinamide HCl) IM/IV 
CONTRAINDICATIONS. Contraindicated in individuals who have 
demonstrated hypersensitivity to the drug. 

WARNINGS. Use in Pregnancy. No teratogenic effects of benzquina- 

mide were demonstrated in reproduction studies in chick embryos, 

mice, rats and rabbits. The relevance of these data to the human is not 
known. However, safe use of this drug in pregnancy has not been 
established and its use in pregnancy is not recommended. 

Use in Children. As the data available at present are insufficient 
to establish proper dosage in children, use in children is not 
recommended. 

Intravenous use. Sudden increase in blood pressure and transient 
arrhythmias (premature ventricular and auricular contractions) 
have been reported following intravenous administration of benz- 
quinamide. Until a more predictable pattern of the effect of intra- 
venous benzquinamide has been established, the intramuscular 
route of administration is considered preferabie. The intravenous 
route should be restricted to patients without cardiovascular disease 
and receiving no pre-anesthetic and/or concomitant cardiovascu- 
lar drugs. 

PRECAUTIONS. Benzquinamide, like other antiemetics, may mask 

signs of overdosage of toxic drugs or may obscure diagnosis of such 

conditions as intestinal obstruction and brain tumor. 

ADVERSE REACTIONS. Drowsiness appears to be the most com- 

mon reaction. One case of pronounced allergic reaction has been 

encountered, characterized by pyrexia and urticaria. 

System Affected 
Autonomic Nervous System: Dry mouth, shivering, sweating, 

hiccoughs, flushing, salivation, blurred vision. 

Cardiovascular System: Hypertension, hypotension, dizziness, 
atrial fibrillation, premature auricular and ventricular contractions. 

Central Nervous System: Drowsiness, insomnia, restlessness, 
headache, excitement, nervousness. 

Gastrointestinal System: Anorexia, nausea. 

Musculoskeletal System: Twitching, shaking/tremors, weakness. 

Skin: Hives/rash. 

Other Systems: Fatigue, chills, increased temperature 
OVERDOSAGE. Manifestations: On the basis of acute animal toxi- 
cology studies, gross Emete-con overdosage in humans might be 
expected to manifest itself as a combination of Central Nervous 
System stimulant and depressant effects. This speculation is derived 
from experimental studies in which intravenous doses of benz- 
quinamide, at least 150 times the human therapeutic dose, were 
administered to dogs. 

Treatment: There is no specific antidote for Emete-con overdosage. 
General supportive measures should be instituted, as indicated. 
Atropine may be helpful. Although there has been no direct experi- 
ence with dialysis, it is not likely to be of value, since benzquinamide 
is extensively bound to plasma protein. 

CAUTION. Federal law prohibits dispensing without prescription. 
More detailed professional information available on request 

REFERENCES: 

l. Zauder, H. L., et al.: Prophylaxis of postoperative emesis. Scien- 
tific Exhibit presented at 122nd Annual Convention of the Ameri- 
can Medical Association, New York, June 23-27, 1973 

2. Lutz, H., and Immich, H.: Curr. Ther. Res. /4:178, April, 1975. 

3. Steen, S. N., and Yates, M.: Anesthesiology 36:519, May, 1972. 
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* Please see brief summary for 
contraindications and other 
reported adverse reactions. 
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Each vial equivalent to 50 mg benzquinamide. 
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Broad-spectrum microbicidal action — 
the same as in BETADINE microbicides 
chosen by NASA for the Skylab mission and 
for the Apollo 11/12414 splashdowns — 
is found in BETADINE Ointment. 
m Kills both gram-positive and gram-negative 
bacteria (including antibiotic-resistant strains), 
fungi, viruses, protozoa and yeasts. 
m Does not block air...site can be bandaged 
.. Virtually nonirritating and nonstinging...does 
not stain skin and natural fabrics. 


Purdue Frederick 


© COPYRIGHT 1974, THE PURDUE FREDERICK COMPANY 
NORWALK, CONN. 06856 157374 A7785 
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After seven years and thousands of procedures, 

PROLENE suture continugs to prove its clinically important 
qualities and characteristics; Monofilament smoothness, 
strength, pliability, knot sedurity and resistance to 
fatigue-induced fracture. Inert PROLENE suture induces 
only a minimal tissue reac on and does not harbor bacteria. 
PROLENE suture retains i vivo tensile strength after 
prolonged implantation even in the presence of infection. 
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ETHICON 


PROLENE* Pol gr Nonabsorbable Surgical Suture WITH ATRALEASE* CONTROL RELEASE* Needle differs from U.S.P. only in needle attachment 
limits. INDICATIONS — PROLENE Polypropylene Suture may be used wherever a nonabsorbable surgical suture is recommended. CONTRAINDICATIONS — 
None known. WARNINGS — ATRALEASE CONTROL RELEASE needle sutures should not be resterilized by steam autoclave as it may affect needle pull-off. 
PRECAUTIONS — As with other synthetic sutures, knot security requires the standard surgical technic of flat and square ties, with additional throws if indicated by 
surgical circumstance and experience of the operator. ADVERSE REACTIONS — Transitory local inflammatory reactions have been reported. SUPPLIED — 
ATRALEASE CONTROL RELEASE needle sutures are available in pigmented and clear sutures, sizes 2 thru 4/0. See package insert for full information. 


"Trademark © ETHICON, INC. 1976 
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To minimize the possibility 
of postoperative atelectasis 


MUCOMYST cervicystene 


As you plan measures to prevent that serious complication, postopera- 
tive atelectasis due to mucus obstruction, consider Mucomyst—the 
mucolytic for use before, during, or after surgery. 

preoperatively Mucomyst helps you prevent atelectasis.. lysing 
mucus and thinning purulent secretions, helping cleanse the tracheo- 
bronchial tree. 

during surgery Mucomyst helps ease aspiration of secretions to 
facilitate ventilation. 

postoperatively Mucomyst helps your patients bring up secre- 
tions. Mucomyst, used adjunctively with antibiotics and other therapy, 
has sharply reduced postoperative atelectasis’ and other complica- 
tions, including pneumonia." 


REFERENCES: 1. Webb, W. R., and Degerli, |. U.: Acetylcysteine as a mucolytic agent in clinical practice, Clin. Med. 7/:1531-1539 
Sept.) 1964 2. Thomas. P. A., Lynch, R. E., and Merrigan, E. H.: Prevention of postoperative pulmonary atelectasis: Review of 215 cases 
and evaluation of acetylcysteine, Am. Surg. 32:301-307 (May) 1966. 3. Webb, W. R.: New mucolytic agents for sputum liquefaction, 
Postarad. Med. 35:449-453 (Nov.) 1964. 4. Tarnay, T. J., Wittig. H. J., Lucas, R. V., Jr., and Warden, H. E.: Chronic and recurrent 


Indications: Mucomyst has been demonstrated to be clinically effective as adjuvant therapy in a wide 
range of conditions in which thick, viscous mucus is a problem, including: postoperative atelectasis and 
pneumonia; chronic bronchopulmonary disease (emphysema, chronic bronchitis, asthmatic bronchitis, 
and bronchiectasis); acute bronchopulmonary disease (pneumonia, bronchitis, and tracheobronchitis); 
tracheostomy care; facilitation of bronchial studies; maintenance of an open airway during anesthesia; and 
to help control pulmonary complications of cystic fibrosis. Contraindications: Mucomyst is contraindicated 

in those patients who are sensitive to it. Warnings: Affer proper administration of acetylcysteine, an Increased 
volume of liquefied bronchial secretions may occur. When cough is inadequate, the open airway must be maintained by 
mechanical suction if necessary. When there is a large mechanical block due to foreign body or local accumulation, the airway 
should be cleared by endotracheal aspiration, with or without bronchoscopy. Asthmatics under treatment with Mucomyst 
should be watched carefully. If bronchospasm progresses, this medication should be immediately discontinued. Precautions: 
With the administration of Mucomyst, the patient may observe initially a slight odor that is soon not noticeable. With a face 
mask there may be stickiness on the face after nebulization which is easily removed by washing with water. Under certain 
conditions, a light purple color may develop in the solution of acetylcysteine. This does not significantly affect safety or 
mucolytic effectiveness. To prevent the concentration of acetylcysteine in the solution remaining after prolonged nebuliza- 
tion, dilute with an equal volume of Sterile Water for Injection, U.S.P., when three-fourths of the initial volume has been 
nebulized. Adverse Effects: Adverse effects have included stomatitis, nausea and rhinorrhea. Sensitivity and sensitization 
to Mucomyst have been reported very rarely. A few susceptible patients, particularly asthmatics (see Warnings), may experi- 
ence varying degrees of bronchospasm associated with the administration of nebulized acetylcysteine. Most patients with 
bronchospasm are quickly relieved by the use of a bronchodilator given by nebulization. Administration: Mucomyst may be 
administered by nebulization into a tent, Croupette, face mask, or mouthpiece, or by direct instillation. Mucomyst should not 
be placed directly into the chamber of a heated (hot pot) nebulizer. Complete details on dosage, administration, and com- 
patibility are included in the package insert. Additional information may be obtained from Mead Johnson Laboratories. 
Supplied: Mucomyst* -10 (acetylcysteine) a sterile 10% solution in vials of 4, 10 and 30 ml.: Mucomyst" (acetylcysteie) a 


sterile 20% solution in vials of 4, 10 and 30 ml. M d INSON 
* ©°1976 MEAD JOHNSON & COMPANY « EVANSVILLE, INDIANA 47721 A 74407 Bd | | | LABORATORIES 
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...in considering the nutritional 
support of a patient, we follow the rule 
that if the intestine works, use it; * 


Why risk the possibility of trauma and septic complications of 
parenteral hyperalimentation? when enteral feeding with Vivonex 
HN can be just as effective — at half the cost and with virtual 
elimination of these risks? Vivonex HN can usually be absorbed 
with less than 100 cm of functioning jejunum. Like the usual 
parenteral hyperalimentation formulas, Vivonex HN supplies the 
optimum nitrogen/calorie ratio of 1 gm N/150 kcal. 

Vivonex HN flows without clogging through 16-gauge 
catheter tubing as well as standard #5 and #8 French feeding 
tubes. It may be administered via enteral catheter (nasogastric, 
gastrostomy, or jejunostomy). Its low fat content assures fast 
stomach emptying...reduces the possibility of regurgitation and 
aspiration. It is almost completely absorbed with negligible 
residue. 

Vivonex HN may also be used as an adjunct to routine 
parenteral glucose and fluid in the nutritional management of 
protein-calorie malnutrition, in patients with GI disorders, and 
to fortify clear liquid regimens. 


“Kaminski MV. Jr: Enteral Hyperalimentation. Surg Gynecol Obstet 143:12-16. 1976 


The enteral alternative 
to total parenteral nutrition 


Vivonex + 


free amino acid...complete enteral nutrition 
minimal digestion...maximal absorption 


oupplied unflavored in boxes containing ten 80-gram packets. 

Each packet provides 300 kcal. len packets provide 3,000 kcal, 
20 gm usable nitrogen (125 gm usable protein), and a full day's 
balanced nutrition. 


Please note: Information on Vivonex usage and precautions accompanies the product and 
should be reviewed before use. 





* Originators of chemically defined diets 
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Book Reviews 


Coming in the November Issue 


Papers presented at the conjoint meeting of the 
Philadelphia Academy of Surgery, the New York Surgical 
Society, the Boston Surgical Society, and the Baltimore 
Academy of Surgery, March 10, 1976, at the College of 
Surgeons, Philadelphia, Pennsylvania. 


breaks in... 
youve got a 
fast answer. 


for fast relief of severe pain... 
with Maalox’ protection. 


Ascriptin i 


withGodeine 


NoMa Grain Codeine Tablets 
No. 3— Grain Codeine Tablets 


no phenacetin —no caffeine 


Two dosage strengths: 


No. 2 Tablet— 
⁄ grain (16.2 mg.) Codeine Phosphate 


No. 3 Tablet— 
5 grain (32.4 mg.) Codeine Phosphate 


..both with five grains of 
Maalox-protected aspirin. 


Ascriptin? an excellent analgesic, anti- 
pyretic, and anti-inflammatory, combined 
with codeine to give effective relief from 
severe pain with minimal aspirin-induced 
gastric distress. Ascriptin with Codeine 
contains no phenacetin or caffeine. Each 
tablet contains Maalox“ (magnesium- 
aluminum hydroxide) 150 mg. 


Indication: As an analgesic for the relief of pain of all 
degrees of severity up to that which requires morphine 
Side Effects: Side effects are rare. Nausea, constipation 
and drowsiness may occult 

Warning—may be habit forming. 


Usual Adult Dose: Ascriptin with Codeine No. 2 (4 grain) 
Two tablets every 3 or 4 hrs. when necessary 


Ascriptin with Codeine No. 3 (7^ grain): One or two 
tablets every 3 or 4 hrs. when necessary 
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Notice to Contributors and Subscribers 


ANNALS OF SURGERY is a monthly journal which 
considers for publication original articles in the 
field of surgery. It is the oldest continuously pub- 
lished journal in the English language solely 
devoted to the surgical sciences. The Editorial 
Board considers only papers judged to offer sig- 
nificant contributions to the advancement of 
surgical knowledge. 


CONTRIBUTIONS. Four typed copies of the 
manuscript and four copies of the illustrations 
should be sent prepaid to the Chairman of the 
Editorial Board of ANNALS OF SURGERY: 


David C. Sabiston, Jr., M.D. 
Annals of Surgery 
Department of Surgery 
Duke University Medical Center 
Durham, North Carolina 27710 


Manuscripts and references should be typed 
double spaced on one side of 85 x 11 paper 
leaving wide margins. Authors should retain a 
complete copy of the manuscript including illus- 
trations in the event that the manuscripts are lost 
in the mail. A complete address for reprint re- 
quests should be included on the title page to- 
gether with the name of the institution from 
which the work is being published. 

An abstract of not more than 200 words should 
be placed at the beginning of the manuscript. It 
should accurately reflect the paper and provide 
readers with a reliable impression of the contents 
and conclusions of the work. 

Digits one to ten should be spelled out, ex- 
cept when used for units of measurement (time, 
weight, volume, dosage, degrees) percentage, or 
when decimals are involved: for numbers above 
ten, numerals should be used. Dorland's Medical 
Dictionary and Webster's International Diction- 
ary may be used as standard references. Scientific 
names for drugs should be used when possible. 
Copyright or trade names of drugs should be cap- 
italized. Units of measurement should be ex- 
pressed in the metric system. Temperature should 
be expressed in degrees centigrade. All contribu- 
tions should be submitted in English. 

Black and white illustrations will be repro- 
duced free of charge, but the publisher reserves 
the right to establish a reasonable limit upon 
the number supplied. Color illustrations will be 


published at the author's expense. Black and 
white photographs should be in the form of glossy 
prints. Line and wash drawings should be black 
on white paper, with lettering in black india ink 
or transfer lettering, large enough to be readable 
after necessary reduction. Large or bulky illustra- 
tions should be accompanied by smaller glossy 
reproductions of the same. Hlustrations should be 
numbered, the tops indicated, and the author's 
name and the title of the article in brief appear 
on the back. A separate typewritten sheet of 
legends for the illustrations should be supplied. 
An alphabetical list of numbered. references 
should appear at the end of the manuscript with 
corresponding numbers in the text. All references 
should be specifically mentioned in the body of 
the manuscript. The list of references should be 
selective with not more than 20 references except 
under unusual circumstances. References should 
conform to the style of the Index Medicus. 


McNamara, J. J., Molot, M. D. and Stremple, J.: Changes in 
Some Physical Properties of Stored Blood. Ann. Surg., 174:58, 
1971. 


PUBLISHERS NOTICES 


CHANGE OF Appness: Please allow 60 days be- 
fore date of issue for change of address. Notifica- 
tion should include the old as well as the new 
address, with indication of whether the change is 
temporary or permanent. Please give the name of 
the journal. 

Copies will not be replaced without charge 
unless we receive a request within 60 days of the 
mailing in the U. S. or within 90 days in all other 
countries, 


Business Appress: Subscriptions, reprints, ad- 
vertising, and all business communications should 
be addressed to: 


ANNALS OF SURGERY 
J. B. Lippincott Co. 
East Washington Square 
Philadelphia, Pa. 19105 


Published Monthly. Subscription Rates $25.00 per 
year in United States and possessions; all other 
countries $34.00. All prices include postage. Single 
issues $4.00. Rate for Residents, U.S. only, $19.00. 


The publishers accept no responsibility for 
opinions expressed by contributors. 
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THE MICRO SHARP SYSTEM 75 — 
Ultra Sharp 
Stainless/Sterile/Disposable 
Low Cost/Always Available 


Fits All Gaevee Chuck Handles 


If you have a handle, we'll send you a free MICRO-SHARP. 
Write or call free — 800/225-1482 


RUDOLPH eaver INC. SURGICAL BLADES / HANDLES 
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The Lifelines 





Total 
Parenteral Nutrition 


Total or Supplemental 
Parenteral Nutrition 


Whenever IV nutritional support is indicated, 
total or supplemental, short-term or long-term, 





Each 10 cc. ampul* or 5 cc. Concentrate vial 
provides: 


ASCE aOd (C o esc metet a obtoxes 500 mg. 
MAIN NT sue e a adea oie gir rro Fe ri ed 10,000 I.U. 
Vitamin D* (ergocalciferol)........................ 1,000 I.U. 
Thiamine HOI (B MPO 50 mg. 
Riboflavin (BFT — aussen ieaiaia 10 mg. 
Pyridoxine FIG Bà) sasesana .15 mg 
do e p DITS cas Soest Sk Em 100 mg. 
DOM Ion -syiar eeii 25 mg. 
Vitamin E* (dl-alpha tocophery! acetate) ........ 5 1.U. 


*With sorethytan laurate 1%, sodium hydroxide 1%; 


and gentisic acid ethanolamide 2% as preservative. 
**With propylene glycol 30% as stabilizer and preser- 


vative, sodium hydroxide for pH adjustment, and 
sorethytan laurate 1.6%; in Concentrate as ribo- 
flavin-5-phosphate. 

*Oil-soluble vitamins A, D and E water solubilized 


with sorethytan laurate; covered by U.S. Patent No. 


2,417,299. 


MM. 


(Multi-Vitamin Infusion) 


The comprehensive 
multivitamin infusion 


Contains C and B-complex 
vitamins as well as water- 
solubilized A, D and E vitamins 


BRIEF SUMMARY 

INDICATIONS: in emergency feedings - Surgery. 
extensive burns, fractures and other trauma, 
severe infectious diseases, comatose states, etc 
may provoke a “stress” situation with profound 
alterations in the body's metabolic demands and 
consequent tissue depletion of nutrients. As a 
result, wound healing may be impaired, enzyme 
activity disturbed, hematopoietic tissues affected; 
hypoproteinemia and edema may appear; conva- 
lescence is thus prolonged. 

In such patients M.V.I. (administered in intravenous 
fluids under proper dilution) contributes optimum 
vitamin intake toward maintaining the body s nor- 
mal resistance and repair processes. 
DIRECTIONS FOR USE: M.V.I. is ready for imme- 
diate use when added to intravenous infusion fluids 
For intravenous feeding. one daily dose of 10 cc. of 
M.V.I. or 5cc. of M.V.I. Concentrate added directly 
to not less than 500 cc., preferably 1,000 cc., of 


intravenous dextrose, saline or similar infusion 
solutions. .. plasma, protein hydrolysates, etc. 
PRECAUTION: Allergic reaction has been known 
to occur following intravenous administration of 
solutions containing thiamine. 

CAUTION: Not to be given as a direct undiluted 
intravenous injection as it may give rise to dizzi- 
ness faintness, etc. 

THERAPEUTIC NOTE: Intravenous use should be 
discontinued as early as practical in favor of an 
intramuscular or oral vitamin preparation, if 
deemed advisable. 

HOW SUPPLIED: M.V.I.— 10 cc. ampuls, boxes of 
25 and 100. 

M.V.I. CONCENTRATE —5 cc. vials, boxes of 25. 
Available in 100s only. 


USV Pharmaceutical Corp. 
Tuckahoe, N.Y. 10707 
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Recurrent Hyperparathyroidism 


ORLO H. CLARK, M.D., LAWRENCE W. WAY, M.D., THOMAS K. HUNT, M.D. 


Recurrent hyperparathyroidism occurred in 11 of 295 patients 
from 10 months to 34 years after an initially successful opera- 
tion. Seven patients with recurrent hyperparathyroidism had 
either multiple endocrine adenomatosis type I (MEA) or familial 
hyperparathyroidism (FHP), one patient had parathyroid cancer, 
and two patients had renal failure at the time of recurrence. 
Four of these patients had their initial operations elsewhere. 
Recurrence developed in 33% of patients with MEA or FHP but 
in only 0.4% of 242 patients without MEA or FHP. The 
presence of MEA or FHP was known before parathyroid 
exploration in 18 (86%) of the 21 patients. In patients with 
MEA or FHP, subtotal parathyroidectomy should be performed 
if there is more than one gland involved. Other patients 
should be treated by selective removal of an adenoma because 
recurrence is rare. Subtotal parathyroidectomy should be reserved 
for patients with diffuse hyperplasia. | 


qe SUCCESS of the surgical treatment of hyperparathy- 
roidism depends on accurate identification and re- 


.— moval of all hyperfunctioning tissue without producing 


É 
J 


undesirable side effects. For many years it has been ac- 
cepted that the surgeon can distinguish between normal 
and abnormal glands at operation. Abnormal glands are 
removed and their histology confirmed by frozen section 
examination.? However, several authors??? have re- 
cently challenged this approach claiming that it will in- 
evitably result in a high failure rate due to persistent or re- 
current disease. Central to the arguments of those who 
propose more radical surgery are the following postulates: 
1) hyperparathyroidism in most cases is a secondary mani- 
festation of chronic extrinsic stimulation of parathyroid 
function??; 2) contrary to traditional belief, chief cell 
hyperplasia involving all 4 glands is the most common 
cause of hyperparathyroidism,?? and 3) gross inspection 
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and frozen section are unreliable methods of distinguish- 
ing between normal and abnormal parathyroids?9$??; in 
fact, ithas been reported? that in many glands the presence 
of hyperplasia can only be detected by electron micros- 
copy. Some of those who accept the above tenets have 
advocated that 3 to 3% parathyroids be resected in 
every case of hyperparathyroidism. The outcome is said 
to be a sharply reduced rate of recurrent or persistent 
disease compared with less aggressive surgery and a 
negligible incidence of hypoparathyroidism.?%° 

Analysis of the extensive experience with surgery for 
hyperparathyroidism over the past 40 years at the Uni- 
versity of California, San Francisco (UCSF), has made us 
skeptical of these recommendations. Our practice has 
been to attempt to identify all 4 parathyroids and if one 
gland appears to be considerably enlarged compared with 
the others, to remove it alone on the assumption that 
it represents a solitary adenoma. If 2 glands are grossly 
enlarged and the remainder look normal, only the ab- 
normal ones have been excised. Subtotal parathyroidec- 
tomy-has been reserved for cases where all glands appear 
to be involved. Biopsy of all 4 parathyroids has not 
been practiced regularly but frozen sections have been 
performed when diffuse hyperplasia was suspected and on 
all grossly abnormal glands after they were removed. 

It would seem unwise to adopt subtotal parathyroidec- 
tomy solely on theoretical grounds in all patients with 


primary hyperparathyroidism because of the obvious in- 


creased risk of permanent hypoparathyroidism which 
would be a consequence of this approach. The central 
question in settling this dispute is the frequency of re- 
current ROBERN ` hyperparathyroidism following 
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TABLE 1 Frequency of Recurrent Hyperparathyroidism 





No. Patients 





Recurrences 

Entire group 295 11 (3.7%) 
MEA I or familial 

hyperparathyroidism 21 7 (3396) 
Parathyroid cancer 3 ] (3396) 
Initial operation at UCSF 263 7 (2.796) 
Initial operation at UCSF 

without MEA I or familial 

hyperparathyroidism 242 1 (0.4%) 


- surgical treatment. Since serum calcium levels can either 
remain elevated or fall transiently after parathyroid opera- 
tions when hyperfunctioning glands are left behind 
(persistent hyperparathyroidism),? we have arbitrarily 
defined recurrent disease as the return of hypercalcemia 
due to hyperparathyroidism after at least 6 months 
of normocalcemia. 


Results 
Frequency of Recurrent Hyperparathyroidism 


Seven (2.7%) of 263 patients who had their first opera- 
tion for primary hyperparathyroidism at the University 
of California Hospitals, San Francisco (UCSF), from 
1934 to 1973 developed recurrent hyperparathyroidism 
from 10 months to 34 years after an initially successful 
operation. Thirty-two other patients were referred to us 
because of persistent (28 patients) or recurrent hyper- 
parathyroidism (4 patients) following an initial operation 
in another hospital. Following their first operation at 
UCSF, 11 (3.7%) of these 295 patients had persistent 
hypercalcemia due to diagnostic error or failure to re- 
move 1 or more abnormal parathyroid glands. 

Thus, among the entire group of 295 patients there were 
11 patients with recurrent disease. Six of the 11 were 
men and 5 were women; their ages ranged from 17 to 
71 years. Followup has been from 6 months to 42 years. 
Eight of these patients have had operations for recur- 
rence, 2 are presently awaiting operation, and 1 died with- 
out a second operation. 

As shown in Table 1, recurrent hyperparathyroidism 
developed in 7 (33%) of the 21 patients with multiple 
endocrine adenomatosis, type I (MEA) or familial hyper- 
parathyroidism (FHP). Four of these 7 patients had 
MEA and 3 had FHP. One patient with recurrence had 
parathyroid carcinoma and 2 patients (1 of whom had 
MEA) were uremic at the time of recurrence. The other 
2 patients had no obvious reason for recurrent hyper- 
parathyroidism; neither received his initial operation at 
UCSF. 
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Of the 7 patients with recurrence who were initially 
treated at UCSF, 6 had MEA or FHP and the other 
patient was uremic at the time of recurrence. Of 242 
patients without MEA or FHP who had their first 
operation at our hospital, only 1 (0.4%) developed re- 
current hyperparathyroidism. 

The presence of MEA or FHP was known preopera- 
tively in 18 (86%) of the 21 patients, including 5 (71%) 
of the 7 patients in this group who developed recurrences. 
Thus, it would have been possible to identify most of 
these high risk patients preoperatively and treat them 
more aggressively if this seemed warranted. 


Initial Clinical and Laboratory Findings 


All 11 patients with recurrent disease presented initially 
with typical manifestations of hypercalcemia and hyper- 
parathyroidism (Table 2). Seven patients had nephro- 
lithiasis, and 3 of these had nephrocalcinosis; 4 patients 


had osteitis fibrosa cystica, 2 of whom had pathological 


fractures; 5 patients had marked fatigue and weakness. 
Other associated findings included: polydipsia and poly- 
uria, 3 patients; constipation, 2 patients; hypertension, 
2 patients; peptic ulcer disease, 1 patient; pancreatitis, 
| patient; and progressive paraplegia, 1 patient. Two 
patients had been diagnosed by SMA screening, 1 when 
hospitalized for a herniorrhaphy and the other on a test 
performed because her daughter had hyperparathyroid- 
ism. 

All patients had had hypercalcemia (mean 14.9 mg/dl; 
range 11.5 to 19.2 mg/dD) and low or normal serum 
phosphate levels (mean 2.2 mg/dl; range 1.5 to 2.7 mg/dl). 
The 4 patients with elevated alkaline phosphatase levels 
had osteitis fibrosa cystica. Four patients had mild 
azotemia, of whom 3 with nephrocalcinosis gradually 
became uremic. 


Pathology 


The size and position of normal and abnormal glands 
identified at operation or postmortem examination in the 
patients with recurrence are listed in Table 3. At the first 
operation 8 patients had solitary parathyroid tumors and 
3 patients had multiple abnormal parathyroid glands. 
Seven of the 8 patients with solitary tumors had ade- 
nomas and | patient had a parathyroid carcinoma. 
Two patients had 2 enlarged glands resected at the initial 
operation and 1 patient had 3 enlarged glands. One of the 
patients with 2 enlarged glands had persistent hyper- 
parathyroidism until 2 more hyperplastic glands were 
removed at a second operation. 

Of 8 patients who initially had solitary tumors, recur- 
rence was due to a single adenoma in 3 patients, 
recurrent parathyroid carcinoma in 1 patient, and 2 tumors 
in each of 2 uremic patients. In 3 patients the new 
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tumors appeared in parathyroid glands that had been 
identified and thought to be normal at the first operation. 
In the 3 patients who had multiple parathyroid tumors 


T atthe initial operation, the recurrent disease was success- 


r 


a m 
` 


fully treated by removal of a third, a fourth, and a fifth 
parathyroid tumor. Two of these patients had MEA, and 
in 2 the tumor responsible for recurrence was intra- 
thyroidal. 


Early Results of the First Operation 


Ten of the 11 patients became normocalcemic following 
the initial operation. The other patent had persistent 
hyperparathyroidism until a total of 4 hyperplastic glands 
had been removed during 2 operations. Seven patients, 
including one with persistent disease, developed post- 
operative tetany requiring supplemental calcium; 3 of 
these patients required vitamin D for as long as 6 years. 
Four of the 7 patients with postoperative tetany had 
osteitis fibrosa cystica, and 6 had MEA or FHP. The 
3 other patients became normocalcemic and supple- 
mental calcium was not required. 

Serum phosphate levels returned to normal after para- 
thyroidectomy in all but 1 patient who had osteitis 
fibrosa cystica and mild azotemia. Postoperatively his 
serum phosphate level remained low but preoperative 
hypercalcemia, polyuria, polydipsia, constipation, weak- 
ness, and bone pain disappeared. 

One patient with progressive paraplegia and incon- 
tinence quickly regained continence and the ability to 
walk after parathyroidectomy. Bone lesions healed and 
subperiosteal resorption disappeared in all 4 patients with 
osteitis fibrosa cystica. 


Interim Course and Development of Recurrence 


-— 


Six of the 7 patients with nephrolithiasis had no 
subsequent renal symptoms, but 1 normocalcemic patient 
required a right nephrectomy for pvelonephritis 29 years 
after her initial parathyroidectomy. Two of 4 patients 
with peptic ulcer disease due to MEA and Zollinger- 
Ellison syndrome were successfully treated by total 
gastrectomy 3 and 4 years after their initial parathyroid 
operations. One of these 2 patients also had a left 
adrenalectomy which cured her hypokalemia. A third 
patient with MEA had excision of a pancreatic islet 
cell adenoma, followed by a subtotal pancreatectomy, 
but she remained hypoglycemic. 

As shown in Table 2, when hyperparathyroidism re- 
curred, 7 of the 11 patients developed symptoms similar 
to those experienced initially; 2 patients had asympto- 
matic hypercalcemia, 1 of whom was hypertensive. The 


F 2 patients who developed uremia had osteitis fibrosa 


cystica, nephrocalcinosis, nephrolithiasis, 
azotemia at the time of the initial operation. 


and mild 
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Course after Treatment of Recurrent Hyperparathyroid- 
ism 


Recurrent hyperparathyroidism was successfully cor- 
rected by reoperation in 9 of the 11 patients. One patient 
had another recurrence 14 years after his initial para- 
thyroidectomy and 8 years after reoperation had produced 
a second remission; to date he has had a total of 5 hyper- 
plastic parathyroid tumors removed but is still not 
cured. Vitamin D and calcium supplementation were 
required for 6 years before his second recurrence. 
In addition to this patient, 2 others are presently hyper- 
calcemic and need another operation. 

One patient died of uremia 17 years after parathyroidec- 
tomy and at postmortem examination was found to have 
2 parathyroid tumors, adrenal hyperplasia, multiple 
pancreatic islet cell tumors, a renal adenoma, and multi- 
nodular goiter. Another patient, despite loss of bone pain 
and healing of bony lesions after parathyroidectomy, 
developed salt-losing nephritis, pyelonephritis, and 
chronic renal failure. He was started on hemodialysis 
10 years after his initial parathyroidectomy and 2 years 
thereafter 2 parathyroid tumors were removed for primary 
(or tertiary) hyperparathyroidism.? He has subsequently 
had a successful cadaver renal transplant. 

The patient with parathyroid cancer had 5 operations 
with periods of normocalcemia lasting from 5 months 
to 1 year after each of the first 4 operations. She 
eventually died of hypercalcemia 4 years after her initial 
operation. She was the only one of the 3 patients with 
parathyroid cancer in whom hypercalcemia recurred. 

Recurrent hypercalcemia was due to causes other than 
hyperparathyroidism in 2 patients; in 1 it was due to breast 
cancer, and in the other to squamous cell carcinoma 
of the lung. 


Multiple Parathyroid Tumors and Recurrence 


Of 32 patients with multiple adenomas (13 patients) 
or primary hyperplasia (19 patients) at the initial opera- 
tion, recurrent hyperparathyroidism developed in only 
2 (6%), both of whom had MEA. Therefore recurrent 
hyperparathyroidism was no more common after removal 
of multiple adenomas or after subtotal parathyroidectomy 
for primary chief cell hyperplasia than it was after 
removal of a single adenoma, except in patients with MEA 
or FHP. 


Hypoparathyroidism 


Postoperative hypocalcemia requiring vitamin D and 
calcium supplementation occurred in 11 (3.7%) of 295 
patients. Five patients had MEA and 4 of the 5 had 
more than 1 parathyroid gland removed at the first 
operation. Another patient with multiple parathyroid 
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23 M* 


47M 


45 F 


31 M* 


27 F 


7T F 


Injtial Finding 


Renal colic, polydipsia, polyuria, 
fatique, pathological fractures 
of left humerus (Brother, case 
2). Palpable parathyroid tu- 

_mor in left lobe of thyroid, os- 
teitis fibrosa cystica. Ca** 
19.2 mg/dl, PO, 2.5-mg/di, 
BUN 52 mg/dl. 


Osteitis fibrosa cystica, painful 
osteoclastoma of mandible 
with pathological fracture, 
weakness. Palpable mass left 
neck due to a thyroid adenoma. 


Ca** 17.0 mg/dl. PO, 1.5 mg/dl. 


Alk-phos. increased. BUN 31 
mg/dl. 


Progressive motor and sensory 
paraplegia with complete loss 
of bladder and bowel control; 
then some recovery of sphinc- 
ter control. Renal colic, oste- 
itis fibrosa cystica with gener- 
alized bone pain. Ca** 14.8 
mg/di, PO, 2.7 mg/dl. Alk. 
phos. elevated. BUN 36 mg/dl. 


Interim Status 


Right nephrectomy 29 years 
later. Normocalcemic at this 


time and for 34 years after first 


operation. 


Asymptomatic and normocal- 
cemic for 10 years. 


Rapid improvement in neurolog- 


ical manifestations. Normo- 
calcemic for 15 years but then 
progressively uremic with 
hypertension. 


Renal colic 20 years previously. Diarrhea relieved by total gas- 


Diarrhea. Sister died of Zol- 
linger-Ellison syndrome and 
malignant islet cell tumor. 

Ca** 12.2 mg/dl. PO, 2.3 mg/dl. 


Renal colic, epigastric pain, 
malabsorption and pancreatitis. 
Uncle with nephrolithiasis 
and hyperparathyroidism. 


Renal colic age 14. Polydipsia, 
polyuria, constipation, weak- 
ness, fatigue, hypoglycemia. 
Ca** 15 mg/dl. 


Calcium evaluated because 
daughter had hyperparathy- 
roidism. Hypertension, gout, 
chronic nausea and emesis for 
25 years. Constipation 4 years, 
fatigue 3 years. Ca** 11.5 
mg/dl, PO, 1.9 mg/dl, Alk. 
phos. normal, BUN 13 mg/dl. 


trectomy 3 years later and 
hypokalemia relieved by left 
adrenalectomy. Normocalce- 
mic for 12 years after re- 
moval of a parathyroid ade- 
noma. 


Total gastrectomy for Zollinger- 


Ellison syndrome 4 years after 
initia] parathyroid operation. 
Persistent hyperparathyroid- 
ism after removal of two para- 
thyroid tumors. After removal 
of 4 parathyroid tumors nor- 
mocalcemic for 5 years. Pitui- 
tary tumor. Two sons with 
hyperparathyroidism. 


Removal of islet cell tumor of 
pancreas then subtotal pancre- 
atectomy and splenectomy but 
hypoglycemia persisted. 
Hirsutism; normocalcemic 2 
years after 3 parathyroid 
glands removed. 


Asymptomatic with loss of fa- 
tigue and constipation for 8 to 
10 months. 


Findings at Recurrence 


Twenty-pound weight loss, pain 
in chest due to pathological 
fracture. Ca** 11.0 mg/dl. PO, 
2.9 mg/dl. BUN 15 mg/dl. 
Bony lesions consistent with 
treated hyperparathyroidism 
with suggestion of subperios- 
teal resorption in hands. 


Recurrent Brown tumors and 
painful swelling, third finger. 
Ca** 12.8 mg/dl. PO, 2.2 
mg/dl. BUN 40 mg/dl. Giant 
cell tumor of right hand. 


Ca** 12.5 mg/dl, PO, 5.8 mg/dl, 
BUN 56 mg/dl, Cr. 4.5 mg/dl 
two years before death due to 
a cerebrovascular accident 
with uremia and hypertension. 


Asymptomatic. No subsequent 
renal colic. Ca** 12.3 mg/dl. 
PO, 2.8 mg/dl. Gastrin 800 


pg/ml. 


Depression, pancreatitis, mal- 
absorption, nocturia, consti- 
pation, polydipsia and weak- 
ness. Ca++ 11.3 mg/dl, PO, 1.7 
mg/dl, Alk. phos. elevated. 


Return of constipation, fatigue. 
Ca** 11.0 mg/dl, PO, 4.4 
mg/dl. 


Recurrent constipation, bone 
pain (arthritis), polydipsia, 
polyuria and nocturia. Ca** 
12.3 mg/dl, PO, 3.6 mg/dl, Cr 
1.1 mg/dl. 


Postoperative Course 


Hypertension; otherwise well 7 
years after removal of second 
adenoma and thyroid lobec- 
tomy for papillary thyroid 
carcinoma. 


Bone lesions were healed two 
years after operation but he. 
died four years later of uremia 
and hypertension. 


Died 17 years after initial para- 
thyroidectomy. At postmor- 
tem examination he had two 
parathyroid tumors, adrenal 
hyperplasia, multiple pancre- 
atic islet cell tumors, a kidney 
adenoma and multinodular 
goiter. 


Needs operation. 


Hypocalcemia after removal of 
a fifth tumor required vitamin 
D and calcium for 6 years, 
then recurrent hypercalcemia 
on no vitamin D or calcium 
supplementation. 


Calcium decreased to 8.4 mg/dl 
after removal of fourth hyper- 
plastic gland. Total panzre- 
atoduodenectomy, hemi- 
gastrectomy, gastrojeju- 
nostomy, choledochojeju- 
nostomy, choledochojejunos- 
tomy and bilateral truncal 
vagotomies. Normocalcemia 
2 years after parathyroid- 
ectomy. "m 


Needs operation. 


FOE log RR RR ERE RE NEN E : 


Vol. 184 e No. 4 


TABLE 2. (Continued) 


RECURRENT HYPERPARATHYROIDISM | 


395 


NENNEN O as A MML LT 





Age 
.o&. : 
Sex Initial Finding Interim Status Findings at Recurrence Postoperative Course 
71F* Hypercalcemia noted incidently Loss of symptoms, normocalce- Recurrence of constipation Died of hypercalcemia 4 years 
during hospitalization for her- mic for 11 months. and polydipsia with palpabie after initial operation. 
niorrhaphy. Constipation and tumor in neck. Subsequently 
polydipsia. had 4 operations and again 
hypercalcemia recurred after 
periods of 5 mo. to 1 year. 
Ca** 12.4—19.5 mg/dl. 
29M Nephrolithiasis, pyelonephritis, Loss of bone pain and healing of Mild bone pain, dehydration, Cadaver renal transplant 3 years 
polydipsia, polyuria, weak- bony lesions. Salt losing ne- anemia. Ca** 10.8 mg/dl, PO, after second parathyroidec- 
ness, osteitis fibrosa cystica. phritis, progressive chronic 4.8 mg/dl. Alk. phos. elevated, tomy and 15 years after 
pyelonephritis with uremia. PTH elevated, Cr 10.6 mg/dl, initial parathyroidectomy. 
Hemodialysis begun 2 years BUN 130 mg/dl. Normocalcemic. 
before second operation for 
hyperparathyroidism. 
46 Mt Renal colic and hematuria. Well. Hypertension but asympto- Alive and well for four years 
matic. Ca** 11.1 mg/dl, PO, after second parathyroid 
2.4 mg/dl, BUN 10 mg/dl, operation. 
/ PTH elevated. 
^ 40 Mt Two year history of increased Well. Periumbilical abdominal pain Normocalcemic and wel] 4 


we 


fatigue. Hypercalcemia docu- 
mented on routine SMA-12 
testing. 


* The first 2 patients have been described previously’. 
t Initial operation elsewhere. 


tumors had postoperative hypocalcemia after removal of 
32 enlarged glands. Of the 7 patients who developed 


hypocalcemia after a solitary parathyroid tumor was 


removed, 3 had concomitant thyroidectomy at the time 
of parathyroidectomy, 3 had had previous thyroid or 
parathyroid operations, and 1 had osteitis fibrosa cystica. 


Discussion 


Two hundred and sixty-three patients with primary 
hyperparathyroidism have been successfully treated by 
selectively removing a single gland in 88%, by removing 2 
glands in 5%, and by removing 3 to 3% glands in the 
7% who were thought to have primary chief cell hyper- 
plasia. Biopsy of normal glands was performed in- 
frequently and subtotal parathyroidectomy was not neces- 
sary to prevent recurrent hyperparathyroidism. Careful 
exploration and identification of all 4 parathyroid glands 
at operation is considered to be an important part of 
the effort to minimize the incidence of persistent and 
recurrent disease. Because of marked variation in the size 
of the glands in patients with primary chief cell hyper- 
plasia,943919 we disagree with Wang who prefers to 
terminate the exploration when one enlarged gland (ade- 
noma) and at least 1 additional normal gland have been 
found.** However, even with the latter approach re- 
current hyperparathyroidism is uncommon. 


years postoperative. Has 
vocal cord paralysis. 


and return of increased fa- 
tigue. Ca** 12.0 mg/dl, PO, 
2.7 mg/dl, Cr 1.4 mg/dl. 


Despite claims to the contrary, most other surgeons 
who selectively remove abnormal parathyroid glands 
have found recurrence. to be rare. Table 4 lists the 
results of parathyroidectomy in the reports which have 
appeared since Paloyan first advocated routine subtotal 
parathyroidectomy in 1969. To our knowledge all reports 
in the English literature of more than 50 patients have 
been included. In this collected series of 3204 patients 
treated by selective removal of abnormal parathyroid 
glands, recurrent hyperparathyroidism developed in only 
24 (0.7%) patients. 

The extent of satisfaction with the results of parathy- 
roidectomy is underscored by the opinion of Black,* who 
stated that “‘the treatment of hyperparathyroidism as 
judged by the experience at the Mayo Clinic is more 
certain and satisfactory than that of any other endo- 
crinopathy, even including that of diseases of the 
thyroid." 

The principal proponents of routine subtotal para- 
thyroidectomy, Paloyan, Ballinger, and their associates, 
initially adopted this approach after reviewing the causes 
for unsatisfactory results in their own institutions. In 
Paloyan’s study,” recurrent hyperparathyroidism was 
found in 4 (15%) patients and permanent hypoparathy- 
roidism in 5 (19%) patients of 27 patients with primary 
hyperparathyroidism operated on by 7 different surgeons 
who presumably followed traditional guidelines in 
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TABLE 3. Number and Position of Parathyroid Glands in Patients with Recurrent Hyperparathyroidism 


amarenean ———— — "—— À————— ')et a n o 


Initial Findings Findings at Recurrence 





Size (cm), Weight (gm) No. Normal Size (cm), Weight (gm) No. Normal 
Age & Sex & Position of Glands Interval of & Position of Glands Total No. 
(Initial Operation) Tumor(s) Removed* Visualized Normocalcemia Tumors Removed Visualized Tumors 
17 F 3.7 x 3.0 x 2.8 1 34 yr 1.0 x 0.75 2 2 
LL, IF LU 
23 M 3.0 x 2.0 x 2.0 1 10 yr 2.6x 7 X12 — 2 
LL RL 
47M 5.8 g right 2 15 yr LLf 0 3 
Anterior mediastinum and left anterior 
mediastinum 
4S F 3.0 x 3.0 x 1.0 2 12 yr — — 3+ 
LL Multinodular 
31 Mł 1.2 x 0.6 RU — 5 yr 1.0 x 0.8 0 5+ 
0.4 x 0.4 LU IT 
i LU 
LL 
27 F 1.0 x 2.0 RL 0 2 yr 1.0 x 1.5 right 0 4 
1.0 x 0.8 LL l IT 
3.0 LIT 
71 F 2.5 x 1.0 x 1.0 3 10 mon — — 24 
LU 
7] FX Parathyroid cancer — 10 mon Tumor left neck 0 — 
1i mon Tumor left neck ` 
12 mon Tumor left neck 
5 mon Tumor left neck 
Persistence 
29 M 2.0 x 1.8 x 1.5 2 12 yr 8.5 g LU 0 3 
1.3 g LL 3.0 g RU 
46 Mt Left — 5 yr 1.5 x LORL I 2 
40 Mt 0.6 RU — 18 mon 1.0 x 0.7 x 0.3 left 0 3 
0.9 LU — IT 


Key: RU: right upper, RL: right lower, LU: left upper, LL: left lower, IT: intrathyroidal. 
* Tumor refers to either an adenomatous or hyperplastic parathyroid gland. 

+ Postmortem examination. . 

t Initial operation elsewhere. 


Such data are important if persistent hyperparathyroid- 
ism, caused by overlooked pathology, is to be distin- 
guished from recurrent disease. 

Haff and Ballinger? argued in favor of a similar 
approach after noting persistence or recurrence in 9 (12%) 
of 74 patients treated in their unit. Of 12 patients 


indentifying abnormal glands. By contrast, in a personal 
series of 26 patients treated by excising all but 30 to 
50 mg of parathyroid tissue, there were no instances of 
recurrent disease and only 2 (896) patients with perma- 
nent hypoparathyroidism. Although it was obvious that 
the 2 groups of patients differed in many other important 


respects, the improved results in the second group 
were attributed by Paloyan to his partcular surgical 
strategy. No comment was made in this report con- 
cerning the presence of MEA or FHP in the patients 
with recurrence. Also lacking was information indicating 
the length of time of postoperative normocalcemia before 
hypercalcemia returned in the patients with recurrence. 


who had 3% glands removed there were no recurrences 
and no patients with permanent hypoparathyroidism. 
Noteworthy was the observation that continued hyper- 
calcemia was detected in these 9 patients from 2 days 
to 6 months postoperatively, suggesting the possibility 
that most of these patients had persistent rather than 
recurrent hyperparathyroidism. Among our patients, 
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TABLE 4. Incidence of Recurrent Hyperparathyroidism Following Operation for Primary Hyperparathyroidism 


EEEE AAAA OA er a A HUMO MN E AAAA aaaea a RI VEI UPPER oti tti ————MMoMmD 


Severe Hypopara- 


MENU E m e 


Total Multiple Gland 
Author & Year Patients Involvement (96) 

Paloyan et al. (1967) I 27 18 
II* 26 58 

Haff and Ballinger (1971)?! 38 50 
Bruining (1971) I 267 45 
II* 11 — 

Clark and Taylor (1971)! 99 15 
Johanssen et al. (1972)? 203 18 
Paloyan et al. (1973)! 98 65 
Romanus et al. (1973)? 274 20 
Hines and Suker (1973)? 51 10 
Wang (1973)!5 256 = 
Davies (1974)'^ 350 10 
Myers (1974)78 82 13 
Purnell et al. (1974)?! 475 13 
Block at al. (1974)* 121 20 
Muller et al. (19755 352 50 
Palmer et al. (1975)?? 250 I5 
Farr (1976)? 100 5 
Block (1976)! 182 20 
Present Series 263 12 
MEA or FHP 21 71 
Without MEA or FHP 242 6 


* Subtotal parathyroidectomy. 
f None permanent. 


normocalcemia was present for no less than 6 months in 
every case where recurrence eventually appeared. Haff 
and Ballinger did not describe the operative technique 
employed in the cases in which fewer than 312 glands were 
removed, but it is reasonable to suspect that more thorough 
explorations during the first operation might have been 
as successful as routine subtotal resection. 

Since the description of chief cell hyperplasia in 1958 
this entity has been diagnosed with increasing fre- 
quency!?19292? while there has been a corresponding 
reduction in the use of the term adenoma. Several 
groups who routinely biopsy all parathyroids when 
operating for hyperparathyroidism report that 5096 or 
more of patients suffer from hyperplasia.^?:7939 How- 
ever, the criteria by which these terms are defined are 
less than pathognomonic and some experts have admitted 
that histological distinctions between normal, hyper- 
plasia, and adenoma are inherently unreliable. Paloyan 


Recurrence (96) thyroidism (96) Followup 

15 19 7 mo. to 3 yrs. 

0 8 

3 3 18 mo. or longer 
0 1.2 314 yrs. (average) 
0 24 

I 2 E 

0 3.8 — 

I 2 — 

l 7 4 yrs. average 

0 — to 15 yrs. 

0.8 — 10 mo. to 15 yrs. 
3 5 mo. to 38 yrs. 

l — 1 to 6.5 yrs. 

0.6 0.2 — 

I 4 4^ yrs. (average) 
Í a ee 

0.5 2 15 yrs. 

2 4 Eh 

0 0 — 

ad 4 6 mo. to 40 yrs. 
33 241 

0.4 2.6 


and his coworkers have shown that the entire spectrum 


of adenoma, hyperplasia, transitional cells, and normal 


cells can exist in a single patient and even in a single 
gland.” Extra confusion is born of the tendency to 
draw functional and clinical implications from these 
pathological labels. For example, hyperplasia implies a 
process likely to involve all 4 glands as they respond 
to extra-parathyroid stimuli. This interpretation fits the 
theories of those who believe that 344 glands must be 
removed in order to cure hyperparathyroid patients. 
However, these ideas must be tested before they are 
accepted as factual and, as we have shown, the recurrence 
rates with selective surgery are low, contrary to what 
would be predicted. 

In fact, the general lack of practical significance of 
histological characteristics has led Van der Heul,’ 
Myers,” and others” to depend on weight of the gland 
as the single most important criterion in differentiating 
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normal from abnormal parathyroids. A normal gland 
weighs 30-40 mg; Myers?? and Roth?? feel that any 
gland that exceeds 60 mg should be biopsied or removed. 
This advice suits the selective approach to parathyroidec- 
tomy since it suggests that gross characteristics will 
permit the surgeon to identify abnormal glands. 

Reconciliation of these conflicting interpretations 
should ultimately come from more détailed correlations 
of functional and morphologic characteristics. In the 
meantime, it seems premature to shift to a more aggressive 
surgical posture primarily because of changing ideas 
about histopathology.!? | 

In a call for revised thinking concerning this disease, 
Paloyan and his coworkers?? stated that the type of hyper- 
parathyroidism being detected by screening differs sub- 
stantially from that treated in earlier years when most 
patients had renal or bone disease and clearcut systemic 
symptoms. In this context gross hyperplasia of all glands 
was postulated to be an early phase of the disease, 
which eventually progressed to functional dominance of 
one of the glands and regression of the others. At this 
later stage, the time at which exploration was usually 
performed in the past, a single tumor would be found. 
The other glands would look normal, but histologically 
they would show hyperplasia and recurrence would de- 
velop if they were not removed. However, when Haff 
and Ballinger? compared the ages, laboratory data, and 
pathologic findings of patients with asymptomatic, mildly 
symptomatic, and symptomatic hypoparathyroidism 
they found no differences. In another report, Alveryd 
and his coworkers! found that their patients with primary 
hyperplasia had symptoms of long duration. So as yet 
this line of thinking remains without empirical support. 

Paloyan et al. have claimed that a lower incidence 
of hypoparathyroidism follows subtotal parathyroidec- 
tomy than after our approach of removing only the en- 
larged gland. It is difficult to understand how removing 
more parathyroid tissue could lower the incidence of 
hypoparathyroidism. Hypoparathyroidism appeared in 
only 3 (1.2%) of Bruining's 267 patients treated by 
removing the enlarged tumor(s)," whereas when subtotal 
parathyroidectomy was performed regardless of the gross 
findings, 8 (73%) of 11 patients developed hypoparathy- 
roidism and in 3 (27%) it was permanent.’ As a result 
of this experience Bruining’ abandoned the more aggres- 
sive approach. Beahrs!¢ reported a 13% incidence of per- 
manent hypoparathyroidism in 100 consecutive patients 
treated by subtotal parathyroidectomy, whereas in 198 pa- 
tients treated by removal of a single tumor there was no 
permanent hypoparathyroidism and no recurrent disease 
within 4 to 8 years after surgery. 

In fact, if one removed 3 or 344 normal sized glands, 
and missed a hidden tumor, a more difficult situation 
would be created. At a subsequent operation should 
one remove the entire remaining tumor, with the possi- 
bility of making the patient aparathyroid or shouid a 
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small portion of the tumor be transplanted into the sterno- 
cleidomastoid muscle or into a muscle in the forearm? If 
at the original operation, the normal glands had been 
left alone, the entire tumor could be removed without ^ 
undue concern about hypoparathyroidism. 

Persistence and recurrence are the causes of hyper- 
parathyroidism following surgical treatment. The former 
denotes missed pathology and the latter newly developed 
pathology. But the separation of these two categories 
is not absolute since it is possible that a physiologically 
insignificant amount of hyperfunctioning tissue that was 
present at the first operation could proliferate and produce 
a clinical recurrence several years later. 

Even subtotal parathyroidectomy does not entirely 
prevent recurrent hyperparathyroidism in patients with 
MEA. Haff et al.” reported 1 patient with recurrent 
hyperparathyroidism among 38 patients treated by sub- 
total parathyroidectomy. Muller? and Block et al.? 
each reported a patient with recurrent hyperparathy- 


roidism after 312 hyperplastic glands had been removed. 


Our series includes 2 such patients, both of whom had ^ 
MEA: in | patient recurrence was due to an intrathyroid 
parathyroid and hypercalcemia recurred 2 years aiter 
3 glands were excised; in another patient recurrence 
appeared 5 years after 4 glands had been removed and 
again 8 years after the fifth gland had been removed. 

Secondary (or tertiary) hyperparathyroidism was 
prabably responsible for recurrent hyperparathyroidism 
in 2 patients with progressive chronic renal fatlure and 
subtotal parathyroidectomy could be expected to de- 
crease the incidence of recurrence under these circum- 
stances. However, since few patients with primary 
hyperparathyroidism develop uremia, this would apply 
principally to patients with renal dysfunction at the time 
of initial therapy. 

Recurrent hyperparathyroidism in patients with para- ^ 
thyroid cancer is usually due to recurrent tumor at 
the site of the original resection or to metastases, 
and not from involvement of other parathyroid glands. 
Most of the other documented causes of recurrence are 
rare and are not represented among our patients. 
Black and Ackerman? presented evidence that neoplastic 
cells from a benign adenoma can become implanted in 
the wound if they are spilled during operation. Delib- 
erate autotransplantation of a piece of tumor into the 
sternothyroid muscle was responsible for recurrence in a 
patient described by Burk.’ 

That recurrent hyperparathyroidism is especially 
prone to develop in those with MEA and FHP has 
also been noted by others.!??*?* Whether a 33% incidence 


of recurrence and a 5% incidence of persistent disease 


in these patients justifies routine subtotal parathyroidec- 
tomy is unclear since both of these complications can 


also occur after subtotal parathyroidectomy. Our , 


current management consists of subtotal parathyroid- 
ectomy and marking the remnant with a metal clip 
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whenever more than one gland is abnormal. If only 
one adenoma is found, it is removed, one normal 
gland is biopsied or removed, and all apparently normal 
glands are marked with a metallic clip to facilitate 
their identification if re-exploration is subsequently 
necessary. 

When operating on patients with MEA or FHP, 
heightened suspicion must be exercised regarding the 
possible existence of hyperplasia in glands of near nor- 
mal size and appearance, or the presence of an ectopic 
fifth gland. No compromise should be rnade in verifying 
that the amount of pathological tissue removed corre- 
sponds to the severity of the hypercalcemia: Liberal use 
of biopsy will be appropriate in many of these patients. 
Finally, it hardly needs emphasizing that the serum 
calcium concentration must be measured at regular inter- 
vals postoperatively throughout the patient’s life. Recur- 
rence is still a risk in this spécial group no matter how 
long the patient has been normocalcemic. 

In contrast to the above group, differentiation 
between normal and abnormal parathyroid glands at 
operation in other patients is rarely difficult. Care should 
be taken to visualize 4 glands. If one gland is enlarged 
and the others are normal, only the enlarged gland should 
be removed; biopsy of one normal gland is optional. 


Subtotal parathyroidectomy should be performed for pri- 


mary chief cell hyperplasia. The diagnosis should be 
confirmed by perfórniing frozen section on all removed 
tissue before the operation is completed. 

Since recurrent hyperparathyroidism is rare the routine 
use of subtotal parathyroidectomy for all patients with 
primary hyperparathyroidism is to be discouraged since 
it is unnecessary and exposes patients to an unaccepta- 
ble incidence of hypoparathyroidism. 
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DISCUSSION 


Dr. MELVIN A. Brock (Detroit, Michigan): Following our recog- 
nition approximately 10 years ago that multiple parathyroid gland 
involvement produces a significant challenge in surgery for primary 
hyperparathyroidism, we have developed policies for operation which 
are very similar to those presented by the authors. In our experience, 
difficulties arose not from late recurrence of hypercalcemia, but from 
persistent hypercalcemia as a result of the failure of recognition of 
the presence of multiple gland involvement in primary hyperpara- 
thyroidism. 

Our continued experience of an incidence of 20% for multiple gland 
involvement, a late recurrence rate of less than 1%, and a control of 
hypercalcemia in more than 97% have led us to persist in a policy of 
selective subtotal parathyroidectomy. It is necessary to recognize pre- 
operatively, if possible, those patients involved by multiple endocrine 
neoplasia (MEN) syndromes or familial hyperparathyroidism. In- 
cidentally, practically all of our patients belonging to the multiple 
endocrine neoplasia I or II syndromes with primary hyperpara- 
thyroidism have been familial, with all parathyroid glands hyper- 
plastic. Approximately 40% of our patients with familial primary 
hyperparathyroidism have had multiple gland involvement. 

However, not quite 50% of our patients with multiple gland involve- 
ment producing primary hyperparathyroidism belong to the MEN 
syndromes or familial hyperparathyroidism. Although it is usually 
possible for the surgeon to identify at operation the enlargement of 
multiple parathyroid glands, this is not always easy. For example, 
in at least a few patients all 4 parathyroid glands are only slightly 
enlarged or normal in size and a fifth parathyroid gland is not present, 
requiring a subtotal parathyroidectomy for control of hypercalcemia. 
Thus, if a surgeon is conservative in not performing subtotal 
parathyroidectomy routinely, he should be liberal in the removal of 
parathyroid glands that appear only slightly enlarged. This requires 
careful surgery and experience. 

Finally, we have been aware of discrepancies between the inter- 
pretation by pathologists of microscopic changes of parathyroids and 
the size of the glands on the basis of weight, as well as the clinical 
course of patients. Thus, a parathyroid gland can be enlarged by 
weight and its removal correct hypercalcemia, yet pathologists have 
difficulty in definitely ascribing abnormalities to the gland by routine 
microscopic study. I would like to ask if the authors have encoun- 
tered this as a variable producing difficulties in the management of 
primary hyperparathyroidism. 


Dr. EDWARD PALOYAN (Hines, Illinois): I believe that the questions 
that we are all attempting to answer are as follows: Is there an ideal 
operation applicable to patients with primary hyperparathyroidism? 
And if so, what is that operation? 

I do not think that these questions are going to be answered 
today, or in the near future, for the very simple reason that hyper- 
parathyroidism is an evolving, heterogeneous, pathophysiologic entity, 
and therefore therapeutic concepts which were perfectly adequate tn 
1934 when this series started, or in 1954, or even in 1964, when 
our group developed the subtotal parathyroidectomy protocol, may 
not necessarily apply to the patients we will see tomorrow. 

Dr. Oliver Cope alerted us to the evolution of surgical endocrino- 
pathies many years ago. In reference to the parathyroid, he declared 
that the apparent incidence of hyperplasias is likely to increase, be- 
cause this has been the history with disease of both the thyroid and 
the adrenal cortex. 

Dr. Cope went on to document this statement with supporting data 
indicating that chief cell hyperplasia had accounted for hyperparathy- 
roidism in his last 100 cases. This was back in 1966. 

The incidence of hyperplasia in Cushing’s disease is over 60% today, 
and it ranges between 30 and 70% in most recent prospective series 
of hyperparathyroidism. I have no doubt that in 1934 and in sub- 
sequent years resection of a single adenoma was an effective operation, 
although there were some rather spectacular failures. However, in the 
patients seen more recently, the disease and the stage at which it is 
diagnosed are considerably different than 30 or 40 years ago. 

As of this moment, our group believes that the objective of parathy- 
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roidectomy should be to resect all parathyroid tissue except for 75 
to 100 mg of well-vascularized parenchyma, which is the normal 
weight of parathyroid parenchyma in a normal individual. This may 
mean leaving in situ, in some instances, two halves of parathyroid 
glands, and in a few patients with long-standing disease and atrophy 
of the other three parathyroid glands, actual autotransplantation of a 
portion of a single parathyroid adenoma that the surgeon is resecting. 
. Our series began in 1965, and numbers now over 150 patients. We 
have not had a single recurrence, and our incidence of hypopara- 
thyroidism stands at 1.3%. 

As a final note, to plagiarize a statement of Dr. George Crile in 
1973, I am convinced that, given the same patient and. the same 
situation, Dr. Clark and most of us who deal with parathvroid 
surgery would probably do a very similar operation. 


Dr. OLIVER H. BEAHRS (Rochester, Minnesota): Currently, Dr. 
Purnell at out institution is reviewing 198 cases followed for 5 years 
or longer for single glandular disease. This represented 8096 of the 
experience during that period of time. Except for two cases of known 
recurrent hypercalcemia in that group, recurrence of hyperparathy- 
roidism has not occurred. Therefore, the recurrence rate will be less 
than 1% when single glands are removed. Because of the controversial 
issue as to the extent of treatment of this pathologic condition today, 
just recently we have gone over a group of 50 consecutive cases, 
treated by one of the surgeons, looking at this problem conservatively, 


and a pathologist with long experience in this field, and found that , 


in 80% of these cases it was single glandular disease, the patients 
were treated accordingly, all became normocalcemic without an instance 
of hypocalcemia. 

During the same period of time, another one of our surgeons and 
a pathologist who was more aggressive in his interpretation of the 
pathology found that 50% of the cases during this same period were 
multiple gland disease, and treated accordingly, and, interestingly 
enough, 4 of these patients remained hypercalcemic, but, unfortunately, 
1226 of these patients developed hypocalcemia immediately after- 
wards. This is unfortunate, because a few of these patients 
will have permanent tetany. Tnis complication is as severe as many of the 
other symptoms these patientis have, especially those in whom hyper- 
calcemia is asymptomatic. 

We are treating a clinical condition, and that pathology is an inter- 
pretive science, and not necessarily exacting. And for this reason we 
should all remember to use good surgical judgment and treat the 
clinical condition of the pztient, without exposing the patiert to 
morbidity, rather than to treat what is interpreted pathologically, 
and does not necessarily require a radical treatment. 


Dr. WALTER F. BALLINGER (St. Louis, Missour): Since our group 
has always advocated exposure of all four glands in the neck before 
the extirpation of any glandular tissue, and has then recommended 
removal of three glands in all cases, we should examine with the 
authors any areas of agreement with those who advocate removal of a 
smalier amount of parathyroid tissue, before we analyze our differences. 
Perhaps we are not as far apart as we think, or perhaps, as I 
believe, we need more understanding and data on the cause and 
natural progression of this disease. 

We agree with Dr. Clark and most other workers in the field that 
(1) the entire spectrum of pathology can occasionally be found in any one 
patient; (2) that the persistence rate is high in patients with familial 
hyperplasia. In fact, we believe that almost all patients with familial 
hyperplasia have involvement of almost all parathyroid tissue; that 
excision of three and a half glands is almost mandatory in this 
group. (3) We agree that most ‘‘recurrences’’ are persistence of 
disease and are demonstrated by elevations of calcium and parathor- 
mone.We originally published our recurrence, or persistence, rate, 
analyzing 74 consecutive patients some years ago, and noted that, of 8 
recurrences, 7 had had less than 3 glands removed, and this set us on 
our current course; but in order to reevaluate our present position, 
we have analyzed histologically all 230 patients operated upon at Barnes 
Hospital, and agree that its difficult to differentiate adenomas 
from hyperplasias, and it probably, as Dr. Beahrs mentioned, 
makes little difference. 
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We then selected 55 patients operated upon over 5 years ago, in a 
consecutive series. We noted that 5 of the 55 had familial hyper- 
plasia; we removed 3 and a half glands in all of these patients, 
with no recurrences. 

Twenty-six of the 55 had less than 3 glands removed, 29 had 
3 to 3% glands removed; the 2 groups were age matched, and 
matched according to calcium and parathormone levels and so on. 

These patients have all been followed for 5 years. Their histology has 
been reviewed 5 years later, comparing it to the original histologic 
diagnosis, and they have all been reevaluated by calcium and parathor- 
mone determinations. 

Of the 26 with less than 3 glands removed, 23 were originally 
thought to have an adenoma, and at review of their histology this was 
confirmed. Three were thought to have hyperplasia. Of that group, 
however, in spite of the fact that the surgeons thought they had 
removed an adenoma histologically, there was a 19% recurrence rate, or 
persistence rate. 

Of those 29 who had had 3% glands removed, most of them were 
removed with the surgeon thinking it was hyperplasia. This diagnosis 
has been confirmed 5 years later, and there was only one recurrence in 
the 29. 

_So we continue to pursue this policy, thinking we are correct. 

Now, the question is: Is the risk of hypocalcemia greater than the 
risk of leaving hyperfunctioning parathyroid tissue in place, with the 
development of insidious nephrocalcinosis? 

Our endocrinologists believe that the latter risk is the greater one, 
and encourage us to continue our present policy. In fact, we have had 
only 3 patients with persistent hypocalcemia, and again, our endo- 
crinologists are of the opinion that this may not represent a surgical 
iatrogenic error, but a medical iátrogenic error, in that we overtreat 
our patients with calcium during the early posoperative period, 
suppress the remaining parathyroid function, with eventual atrophy. 
This remains to be proven. I would ask, however, how the 29 patients 
were followed over the years? Were there calcium and parathormone 
determinations? If so, how many? This is important since the data there 
are clearly based on persistence and recurrence rates. Finally, I would 
suggest that all of us interested in the field begin prospective 
studies. This is certainly an easy thing to do, and we're now doing 
this—to evaluate the long-term results in these patients. Only then 
can we examine the significance of biochemical or symptomatic 
recurrence. In spite of our efforts, and the studies of many others, 
including the essayists today, I doubt if the answers are as yet known. 


Dr. LEONARD Rosorr (Los Angeles, California): I will confine my 
remarks to primary hyperparathyroidism, as hopefully, cases of multiple 
endocrine neoplasia and familial hyperparathyroidism will be diagnosed 
prior to the operation on the basis of a carefully taken history, rather 
than making the diagnosis after the operation. 

The presentation today is extremely important to help counteract the 
increasing practice of routinely removing 344 glands for all cases of 
primary hyperparathyroidism. This is currently being extended by some 
to include cases of so-called asymptomatic hyperparathyroidism with 
minimally elevated levels of serum calcium and normocalcemic hyper- 
parathyroidism. 

In a personal series of over 300 operations for hyperparathyroidism 
since 1958, only recognizable pathology has been removed, reserving 
the removal of 3% glands for gross hyperplasia involving 4 glands. 
There have been only two cases of recurrent hypercalcemia to date. 

In one case a man became hypercalcemia 12 years after a para- 
thyroid adenoma had been removed and another adenoma found and re- 
moved at a second operation. The second case was that of a woman 
who had had an adenoma removed 8 years previously and had a 
second adenoma removed in January of this year for recurrent hyper- 
calcemia. Both patients had been persistently normocalcemic on 
periodic examinations in the intervening vears. The routine removal of 
34% glands in all of the patients in this series could hardly improve 
these results and very likely would have resulted in an increased 
incidence of hypoparathyroidism. 

During the past several years I have seen 5 patients with persistent 
hypercalcemia after removal of 3% glands in each instance, and the 
removal of the remaining adenomas resulted in permanent hypopara- 
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thyroidism. Although the transplantation technique of Dr. Wells at 
Duke may help solve this knotty problem in the future, I believe that 
it would be better to prevent such problems by not routinely 
removing 31^ glands in all cases of primary hyperparathyroidism. 

Another current deviation from the excellent guidelines of parathyroid: 
surgery, first delineated by Dr. Oliver Cope, and later by the late Dr. 
Leon Goldman, is the procedure of only exploring one side of the 
neck, if an adenoma and a normal gland are found on that side. We 
have had several cases in which two parathyroid adenomas were present, 
one on each side of the neck, and the patients have remained 
normocalcemic after removal of only the adenomas. It is our policy 
to explore both sides of.the neck and not remove any tissue until all 
parathyroid glands in the neck have been identified. I would like to 
ask the authors what their poltcy is in this regard also. 


Dr. CALDWELL B. EssELSTYN (Cleveland, Ohio): I reviewed 
with interest the abstract of Drs. Clark, Hunt, and Way, and would 
like to inquire of them if they feel there might be a difference in 
frequency of recurrence in those cases seen prior to the automated 
laboratory boom of 1969 and 1970, when most patients were diag- 
nosed because they were symptomatic, as compared to the largely 
asymptomatic group that we now see. 

I would further like to ask them how many of their patients in 
followup died of or developed significant hypertension or renal in- 
sufficiency, despite the maintenance of a eucalcemic state postopera- 
tively. 

We have been impressed with the increased incidence of these 
diseases in this group, and would like to emphasize the importance 
of followup in these patients, somewhat like a cancer registry. 

As our report of 1974 is one of those emphasizing a higher than 
previously reported incidence of hyperplasia, a term that we define 
as any patient with overactivity of more than one gland, I think it 
important to note that not all pathologists, even in the same institution 
or the same city, see the same degree of hyperplasia. 

Whether the hyperplasia seen in clinically unenlarged glands will 
eventually be of clinical significance has not yet been clearly established. 
In the meantime, as regards gland extirpation, we have chosen a middle 
course, consisting of visual identification and frozen section histologic 
confirmation of all 4 glands, whenever possible. The distal tip of each 
gland is biopsied with the ophthalmic iris scissors. Enlarged and 
histologically solidly hyperplastic glands are removed. Followup of a 
personal series of 350 patients so treated in the last 714 vears 
reveals one patient with tetany, who also had a papillary carcinoma 
of the thyroid, with nodal metastasis. 

I have been unenthusiastic about the routine use of the three and 
three-quarters parathyroidectomy for fear of inducing permanent hypo- 
parathyroidism in a group of patients who have been largely esympto- 
matic. 

One final note of caution regarding the authors' conclusicns on 
removing the visually enlarged gland. Even the most experienced para- 
thyroid surgeon is occasionally mistaken in visual identification of all 
parathyroid glands, and especially the histology of those glands. As 
careful biopsy does not increase morbidity, but does aid in clarification 
and in classification, I would urge that the biopsy maneuver be 
included. 


Dr. Onro H. CLARK (Closing discussion): First, I should emphasize 
that it is important to differentiate between persistent and recurrent 
hyperparathyroidism. Persistent hyperparathyroidism is due to failure 
to remove all of the enlarged hyperfunctioning parathyroid gland(s) 
at the initial operation. The incidence of persistent hyperparatkyroidism 
can be reduced by identifying all four glands before remcving the 
abnormal, enlarged gland(s). We do not believe it is necessary to 
remove 314 glands to prevent persistent hyperparathyroidism, if only 
one gland is grossly abnormal. Recurrent hyperparathyroidism after at 
least several months of normocalcemia implies that a parathyroid gland 
that previously appeared to be normal is responsible for the hyper- 
calcemia. Recurrent hyperparathyroidism, as shown by this review, is 
unusual except in patients with multiple endocrine adenomatosis 
(MEA) and familial hyperparathyroidism. 

Secondly, we question whether histological evidence of hyperplasia 
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_in normal sized glands, in hyperparathyroid patients without MEA or 
familial hyperparathyroidism, is of clinical significance. Such changes 
are said to be frequent in normal sized glands; if they were impcrtant, 
recurrent hyperparathyroidism would be common rather than umcom- 
mon. In our patients without MEA or familial hyperparathyroxiism, 
recurrence was rare (0.4%); in our entire group recurrence occurred 
in 2.796. 

Dr. Block asked whether we have seen enlarged parathyroid glands 
that are histologically normal; the answer is yes. I have operated on 
two patients, each of whom had one large (2 x 2 cm) parathyroid "umor 
and 3 parathyroid glands that were approximately 1 x 1 cm in si-e. In 
one of these patients I removed 34 glands since I felt that this patient 
had primary chief cell hyperplasia with adenomatous change O the 
largest gland. In the other patient, I removed the largest tumo- and 
one other gland. Histologically the latter gland contained abundaat fat 
so I did not remove the remaining two glands, but marked then- with 
silver clips. In both patients the pathologist interpreted the largest gland 
to be an adenoma and the other glands to be normal. Both patients have 
remained normocalcemic. Therefore, I think it is possible to have en- 
larged parathyroid glands that are not hypersecreting, but this is dis- 
tinctly uncommon. 

I would agree with Dr. Paloyan that there could be a high re- 
currence rate after parathyroidectomy, since the theory that all Fyper- 
parathyroidism results from stress on parathyroid function is attractive. 
However, I strongly disagree with subtotal parathyroidectomy for all 
patients with primary hyperparathyroidism. When only the enErged 
gland or parathyroid adenoma is removed, recurrent hyperparath-roid- 
ism is uncommon, and solitary parathyroid tumors occur in 85% ef pa- 
tients. The main concern about subtotal parathyroidectomy for all kyper- 
parathyroid patients is the increased risk of making patients hypcpara- 
thyroid. 

At the University of California, San Francisco, about 80% cf pa- 
tients with hyperparathyroidism have a solitary enlarged glanc and 
three or more normal sized glands. About 15% have obvious involve- 
ment of all glands (primary hyperplasia) and in these patients the 
parathyroids may vary considerably in size. In the remaining 5%, two or 
three glands are enlarged and the others are grossly and histologcally 
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normal. Experience with these latter patients has created some of the 
controversy concerning the most appropriate treatment for the disease 
in general. 

We agree with Dr. Beahrs who suggested that the most important 
role of the pathologist 1s to confirm that the tissue removed at opera- 
tion is parathyroid. Pathologists cannot be expected to differentiate 
between parathyroid hyperplasia and adenoma; in some cases, differ- 
entiation between normal and hyperfunctioning parathyroid tissue may 
be difficult. Most workers agree that the size of the parathyroid gland 
is the most reliable morpholozic feature in differentiating normal from 
abnormal. 

Dr. Ballinger remarked on the high incidence of multiple parathyroid 
tumors in patients with multiple endocrine adenomatosis and familial 
hyperparathyroidism. We agree that these patients are more likely to 
develop recurrent hyperparathyroidism and suspect that subtotal para- 
thyroidectomy may be the best initial treatment for this group. 

Followup information concerning these patients was obtained by re- 
viewing the hospital charts and personal records that were kindly pro- 
vided by Dr. Gilbert Gordan and Dr. Leon Goldman. Many patients 
on whom current information was unavailable, were contacted by letter 
and reevaluated. The shortest followup was 1 year with a range of I 
to 42 years. Serum parathyroid hormone (PTH) levels were not deter- 
mined in normocalcemic patients. Purnell and co-workers have meas- 
ured serum PTH levels after parathyroidectomy and found that in some 
patients, PTH levels remained elevated. The significance of the in- 
creased PTH level in the presence of normal serum calcium levels 
is not known. 

We agree with Dr. Rosoff's admonition that a selective approach is 
required to properly treat patients with primary hyperparathyroidism. 
We also explore both sides of the neck before any parathyroid tis- 
sue is removed. Some surgeons prefer to terminate the exploration 
if a single adenoma plus one normal gland are found during dissection 
on one side of the neck. Although our practice is to identify all four 
glands, we feel that under these circumstances it is better to leave the 
contralateral side undisturbed than to perform a cursory dissection, 
since this would make re-exploration more difficult if it became neces- 
sary at a later date. 





ZRRATUM 


In the abstract preceding the introduction to ^'Immunobiology of Operable Breast Cancer: An Assessment 
of Biologic Risk by Immunoparameters," by Wanebo, H. J., et al. (Ann. Surg., 184:3:258, 1976), lines 7 
to 11 should read: The ''high risk’’ group included patients with lesions 73 cm or who had z4 nodal 
metastases or who had macrometastases at Level II or HI (apex). In the ‘intermediate risk” group were 
patients with infiltrating cancer 1—3 cm or with <4 nodal metastases at Level I only. 
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Pancreatectomy for Chronic Pancreatitis 


CHARLES F. FREY, M.D., CHARLES G. CHILD Ill, M.D., WILLIAM FRY, M.D. 


Of one hundred and forty-nine patients (101 male and 48 female) 
4-67 years of age, 117 were alcoholics and underwent pancrea- 
tectomy because of episodic or continuous abdominal pain 
or complications or chronic pancreatitis. Nineteen patients 
underwent pancreaticoduodenectomy, seventy-seven 80-95% 
distal resection, and fifty-three 40—80% distal pancreatic resec- 
tion. There were 3 operative deaths and 30 late deaths 6 months 
to 11 years post pancreatectomy. Twenty-one patients were lost to 
followup, 1 to 11 years post pancreatectomy. Ninety-five patients 
are known to be alive, 4 of whom are institutionalized. Indica- 
tions for pancreatectomy in addition to abdominal pain include 
recurrent or multiple pseudocysts, failure to relieve pain after 
decompression of a pseudocyst, pseudoaneurysm of the visceral 
arteries associated with a pseudocyst, recurrent attacks of 
pancreatitis unrelieved by non-resective operations, duodenal 
stenosis and left side portal hypertension. The choice between 
pancreaticoduodenectomy or distal resection of 40-80% or 
80—954» of the pancreas should be based on the principle site of 
inflammation whether proximal or distal in the gland, the size of 
the common bile duct, the ability to rule out carcinoma, and the 
anticipated deficits in exocrine and endocrine function. The risk 
of diabetes is very significant after 80-95% distal resection 
and of steatorrhea after pancreaticoduodenectomy. When the 
disease process can be encompassed by 40-80% distal 
pancreatectomy this is the procedure of choice. 


URING the years 1955—75 at the University of Mich- 
D igan Medical Center the diagnosis of pancreatitis 
was established in 1400 patients. Among these patients 
68 presented with hemorrhagic necorsis of the gland, 78 
with pancreatic abscesses and 140 with pseudocysts. 
Over 600 patients underwent operations. These opera- 
tions were performed to establish the diagnosis of 
pancreatitis, to eliminate those diseases principally of the 
biliary tract that initiate pancreatic inflammation, to 
treat the complications of pancreatitis, or alleviate 
pancreatic pain. 
Over the 20 years of this study operative interven- 
tion has assumed an important role in the management 
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of patients with chronic pancreatitis presenting with a 
syndrome characterized by episodic or continuing ab- 
dominal pain, often associated with pancreatic exocrine 
and endocrine insufficiency, alcohol and narcotic 
addiction. 

Through observation and long term followup of patients 
subjected to operations in the hope of alleviating pain 
resulting from pancreatic inflammation, the number of 
operations deemed effective now have a greater likely- 
hood of being matched with the appropriate patient 
and anatomical defect in the pancreas. Three examples 
came to mind. Splanchnicetomy has been discarded as a 
means of alleviating pain associated with chronic 
pancreatitis largely because with time pain recurs.? 
Sphincterotomy or sphincteroplasty once widely applied 
by Doubilet^ now are confined to a select group of 
patients with papillitis of the sphincter of Oddi and an 
otherwise normal or widely dilated pancreatic exocrine 
ductal system free of strictures.!? The use of longitudinal 
pancreaticojejunostomy is restricted to patients with 
multiple sites of stricture in a dilated pancreatic ductal 
system. t3 

In recent years the operations most commonly em- 
ployed in the management of chronic pancreatitis and its 
complications have been proximal or distal resection of 
the pancreas as practiced by Guillemin,” Mercadier, ! 
Leger,’ and Child,” or a procedure to drain a dilated ductal 
system? or pseudocyst. 

We feel that enough experience with proximal and 
distal resection of the pancreas has now accumulated 
making it possible for us with some confidence to de- 
fine their role in the management of chronic pancreatitis. 
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Appropriate utilization of these operations depends on 
patient selection, strict operative indications, the timing 
and choice of operation matched to the structural and 
pathologic anatomy of the pancreas, knowledge of the 
natural history of the disease initiating pancreatic inflam- 
mation, an understanding by the patient and surgeon of 
the benefits to be gained by the operation and the possible 
debits to be incurred, most importantly pancreatic exo- 
_crine and endocrine insufficiency. 

At the University of Michigan Medical Center we 
have performed 149 pancreatectomies for chronic pan- 
creatitis. One hundred and thirty patients had 40-95% 
distal resection of the pancreas, four of which were later 
converted to total pancreatectomy, and 19 underwent 
pancreaticoduodenectomy. One hundred and seventeen 
patients were alcoholics. Three of these patients also had 
galistones and five had duodenal ulcer disease. No known 
cause of pancreatitis was elicited in 11 patients, 8 had gall- 
stones, 6 had pancreatitis following trauma, 3 following 
abdominal operations. Two patients had a benign tumor 
obstructing the pancreatic ductal system, and one each 
gave a history of steroid administration, familial history 
of pancreatitis, and ulcer diathesis. 


Selection of Patients 


Not all patients with chronic pancreatitis who met the 
criteria for operative intervention came to pancreatectomy. 
Some refused, but more were considered unsuitable for 
operation because of other life threatening disease, 
narcotic addiction or unreliability. The unreliable patient 
was usually the binge drinking or derelict alcoholic or the 
total illiterate. All cases of pancreatitis associated with 
biliary tract disease were excluded except 3 patients who 
were also alcoholics, and 8 patients who had failed to 
respond to cholecystectomy. The only patients included 
with trauma underwent pancreatectomy months after 
their original injury because of pseudocysts or persistent 
pain often after several earlier operative procedures. 

Most of our patients have had psychiatric evaluation. 
Operation in the depressed or suicidal patients is ab- 
solutely contraindicated. The patient is first approached 
with an explanation of the operation including anticipated 
liabilities such as exocrine or endocrine insufficiency. 
Generally, we paint a dire picture of the operative re- 
sult. Initially the patient may elect to postpone opera- 
tion which we encourage knowing the patient will return 
if the pain is severe and persistent. The patient should 
not be sent home on narcotics. 


Clinical Material 


Of the 140 patients, 101 were male and 48 females. 
Eighty five males and 45 females were subjected to distal 
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pancreatectomy. Sixteen males and 3 females underwent 
pancreaticoduodenectomy. The average age at operation 


was 40 years and ranged from 4—67 years. The dura- 


tion of symptoms of pancreatitis ranged from weeks to 
over 10 years. Most patients were alcoholic. A history of 
alcohol over-induigence of from 5-15 years preceded the 
onset of pain, calcification, steatorrhea or diabetes in the 
patients with alcoholic pancreatitis. Calcifications of the 
pancreas demonstrable on plain film of the abdomen were 
present in 72 of the 149 patients. While episodic or con- 
tinous abdominal pain often with radiation to the back, 
and often severe enough to require narcotics for relief 
was present in all these patients, other features of in- 
flammation were often present during acute exacerbations. 
These included fever, abdominal tenderness, guarding, 
nausea, vomiting, weight loss and elevation of the white 
blood cell count. These latter findings were more frequent 
often including the presence of an abdominal mass in pa- 
tients with pseudocysts of the pancreas. Pseudocysts 
were the presenting feature of the disease in 63 
patients though the presence of a cyst was not appreci- 
ated prior to operation in 8 patients. Thirty-six of the 
63 patients with pseudocysts had undergone a previous 
operative procedure prior to pancreatectomy. Weight 
loss was noted in the ‘history of 131 patients, prior to 
operation with an average loss of 6.9 kg recorded in the 
49 patients in whom an earlier weight prior to the onset of 
pancreatitis had been noted. Thirty-nine patients were 
diabetic prior to operation. Diabetes was controlled by 
diet in 22 patients, oral hvpoglycemic agents in four and 
insulin in 13 patients. Clinically troublesome steatorrhea 
was noted in 10 patients, however the incidence of ab- 
normal fat loss as measured by fecal fat studies in 18 
consecutive patients was 50%. 
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Gross and microscopic examination of the pancreas... 


showed considerable variation in the findings. Thirty-five 
patients had pseudocvsts, 8 of whom had multiple 
cysts, and 8 of whom had massive upper gastro- 
intestinal hemorrhage (hemobilia) from pseudocysts erod- 
ing into the splenic artery 5 patients, inferior pancreatic 
duodenal artery 2 patients, and gastroduodenal artery 1 
patients. Another 6 patients had evidence of blood in the 
pseudocyst at the time of operation. 

The patients without cysts had either small fibrotic 
calcified glands or an enlarged firm gland with consider- 
able peripancreatic inflammation. An appreciably dilated 
pancreatic ductal system with intraductile calcification 
was noted in 15 patients. The majority of the patients 
had pancreatic ductal systems which were kinked or 
tortuous and the lumen often filled with protein plugs 
often partly calcified and interspersed with variable 
degrees of strictures and dilitations associated with 


periductal inflammation. In all these patients there was | 


some degree of interstitial, interlobular and perineural 
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Fic. 1. A 28-year-old al- 
coholic presented with up- 
per gastrointestinal hemor- 
rhage. Cystgastrostomy and 
ligation of bleeding points 
in the cyst failed to prevent 
recurrent hemorrhage. He 
did well after resection 
of the pseudoaneurysm, 
pseudocyst and distal half 
of the pancreas. 


inflammation and loss of acini. Another group of 23 
patients had minimal changes in the major ductal sys- 
tem, but ectasia and dilitation of the tributary ducts, 
as well as intersititial and perineural inflammation 
were present. 


Operative Indications 


A history of frequent episodic or continued severe 
abdominal pain supported by objective evidence of 
pancreatic disease such as radiographic evidence of 
pancreatic calcification, amylase elevation during acute 
exacerbations, evidence of exocrine and endocrine in- 
sufficiency were present before the patient was con- 
sidered for operation. The indications for pancrea- 
tectomy are more specific. 


Psuedocysts 


Of the 63 patients with a history of a pseudocyst, 36 
had had 55 operative procedures prior to pancreatectomy. 
Pancreatectomy was performed in these 36 patients be- 
cause of recurrence of the cyst (8 patients), failure to 
relieve the pain after successful operative decompression 
of the cyst (18 patients), operative excision of the cyst 
(6 patients), or failure to control hemorrhage by de- 
compression of a cyst (1 patient). Continous pain and 
radiologic evidence of calcification led to pancreatectomy 
in 3 patients with multiple cysts in whom a cyst was not 
anticipated preoperatively. In one of these three patients 
the cyst was located in the uncinate process of the 
pancreas, and was not recognized until the resection 
was well under way. 
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Twenty-seven patients with pseudocysts underwent 
pancreatectomy as the primary form of treatment. 
Seven of the 27 patients presented with massive gastro- 
intestinal hemorrhage, and on arteriography were demon- 
strated to have a pseudoaneurysm with filling of the 
pseudocyst (Fig. 1). Pancreatectomy was considered to 
be the only procedure ensuring against recurrent 
hemorrhage. 

The decision to perform a pancreatectomy was not 
made in 8 patients until at the time of operation, 
multiple pseudocysts were noted. Three patients were 
subjected to pancreatectomy because of technical 
inability to drain a cyst in the uncinate process. Five 
patients operated on for pain were subjected to pancre- 
atectomies and only late in the procedure in an en- 
larged edematous inflammed gland was a cyst recognized 
to be present. Pancreatectomy was performed in 5 pa- 
tients as the operators’ preference. 


Indications for Pancreatectomy in 86 
Patients Without Pseudocyst 


Failure of other operations. Forty-one of the 86 patients 
had undergone 61 operations prior to pancreatectomy 
without pain relief. Another 12 patients underwent 
pancreatectomy because of duodenal stenosis (2 patients) 
(Fig. 2) common bile duct obstruction (5 patients) (Fig. 3) 
left sided portal hypertension from splenic vein throm- 
bosis (3 patients), and portal hypertension secondary to 
Laennec’s cirrhosis (2 patients). 

Pancreatectomy was performed in the other 33 patients 
because of the preference of the operator and the absence 
of a dilated pancreatic ductal system suitable for a 
drainage procedure. 
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Fic. 2a. Duodenal stenosis in 52-year-old man with chronic pancre- 
atitis presenting with upper gastrointestinal obstruction. 


Choice of Distal or Proximal Pancreatectomy 


The choice between pancreaticoduodenectomy or 
distal pancreatectomy was based on the principal site of 
inflammation whether proximal or distal in the gland, the 
size of the common bile duct. the inability to rule out 
carcinoma and the patency and size of the pancreatic 
duct. These choices were often made at the time of 
operation based in part on the appearance and palpa- 
tion of the pancreas. Knowledge of the site and severity 
of strictures of the pancreatic ductal system may in some 
cases be helpful in determining whether the resection 
should involve the proximal or distal portion of the gland 
as well as the limits of resection. In the later years of 
this study operative pancreatography was done routinely 
If retrograde pancreatography had not been feasible 
preoperatively. The technique of operative pancreatog- 
raphy involves the injection of 2-3 ml of undiluted 50% 
hypaque into the proximal or distal pancreatic duct 
through either the ampulla of Vater or cut end of the 
distal pancreas. A small Fogarty irrigating catheter 
is an excellent cannula for intubating the duct. 

The presence of a pseudocyst in the head or uncinate 
process is an indication for pancreaticoduodenectomy. 
If the cyst is located in the body or tail it is an indication for 
distal pancreatectomy. Likewise if the inflammation and 
ductal changes are most marked in the head or uncinate 
process pancreaticoduodenectomy is performed: if the 
predominate location were in the body and tail. distal 
pancreatectomy is performed. Utilizing these criteria 19 
patients were subjected to pancreaticoduodenectomy and 
130 to 40-95% distal resection. The decision as to the 
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extent of distal resection is based not only on the limits 
of disease observed at operation from inspection, palpa- 
tion and pancreatography, but also on the degree of exo- 
crine and endocrine insufficiency and the degree of dis- 
ability which might result. 

Following these indications we have performed seventy- 
seven 80—95% resections and fifty-three 40-80% resec- 
tions of the pancreas. 


Results 


The results of pancreaticoduodenectomy, 40-80% 
distal and 80-95% distal resection are listed in Tables 1. 
2 and 3. Information about the patients status was ob- 
tained through a hospital visit, the patients physician, or 
from the patient by a phone call or written questionnaire. 

Patients judged to be well were relieved of their pre- 
operative symptoms of pain, nausea and vomiting. Pa- 
tients who were alive and relieved of their preoperative 
symptoms but still not functioning well enough to work 
usually as a result of alcoholism, malnutrition and 
diabetes were categorized separately. Many other pa- 
tients had done well and were working until last followup, 
or death from a cause unrelated to pancreatitis or the 
exocrine and endocrine deficits created by the operation. 

Differences between the percentage of patients who did 
well were not marked between the 3 operations. How- 
ever, the number of patients who failed to return to 





Fic. 2b. The patient is doing well 6 months post pancreaticoduodenectomy. 
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Fic. 3. Common duct obstruction in a 35-year-old woman alcoholic with 
chronic pancreatitis who became jaundiced and underwent decompres- 
sion of her biliary tract. Following 95% resection of her pancreas she 
has done well. 


work who were free of pain was greater after the 80-95% 
resection and pancreaticoduodenectomy than the 40-80% 
resection. 

The number of patients who did poorly included those 
who failed to obtain pain relief, required another opera- 
tion, or were institutionalized as a result of brain damage 
from a hypoglycemic reaction. The incidence of failure 
was greatest among patients who had 80-95% of the 
pancreas resected. 

The number of late deaths in symptomatic patients 
was markedly higher after the 80-95% than the 40-80% 
resection. 

Among the 33 non-alcoholic patients there were more 
(72.8%) who were alive, well and working with a longer 
period of followup (8.2 years) than among the alcoholic 
group. 


TABLE l. Pancreaticoduodenectomy (19 Patients) 








No. Avg. yrs. 
Patients % Status Followup 
9 47.4 Alive, working well 8.7 

2 10.5 Alive, not working well 3 
5 26.3 Lost to followup 6.4 
3 15.8 Deaths (1 operative) 
Late 
l-Not related to pancreatectomy 315 


| -Institutionalized 





PANCREATECTOMY 








TABLE 2. Results of 40-80% Distal Resection of Pancreas (53 Patients) 
No. Avg. yrs 
Patients OC Status Followup 
29 54.7 Alive, working well 6.1 
l 1.9 Alive, not working well 5.2 
l 1.9 A Alive, not working- pain 5 
| 1.9 Alive, institutionalized (brain damage) 2 
12 22.6 Lost to followup 


10- 18.9% Working well 5 
1-1.9% Institutionalized 2 
1-1.9% Not working well p 


9 17.0 Deaths (1 operative) 
Late 
4-7.5% Not related to pancreatitis 5 
4—7.5% In part due to pancreatitis 
or postoperative sequelae 4 





The greatest difference between the 3 operations re- 
lated to the postoperative incidence of pancreatic endo- 
crine and exocrine insufficiency. 

Diabetes was more than twice as frequent after 80-95% 
distal resection as after 40-80% resection of the pancreas 
or pancreaticoduodenectomy and the degree of the sever- 
ity as measured by the number of patients requiring 
insulin was much greater in the patients undergoing 
80-95% resection (Table 4). 

The incidence of clinically troublesome steatorrhea 
after 80-95% distal resection of the pancreas was twice 
as frequent as after 40-80% resection, but higher yet in 
patients after pancreaticoduodenectomy (Table 5). 

When the patient's weight immediately prior to oper- 
ation was compared with his weight at last followup, the 
patient with 80—9596 distal pancreatic resection was less 
likely to have maintained his preoperative weight as com- 
pared to the patients with the lesser 40-80% distal 
resection (Table 6). 

Postoperative complications and morbidity following 
operation were common (Table 7). 

The incidence of intra-abdominal abscess following 
distal resection of the pancreas involved over 25% 


TABLE 3. Results of 80 —95 % Distal Resection of Pancreas (77 Patients) 








Av. Years 
No Pts OC Status Follow-up 
38 49.4 Alive, working well 7.8 
5 6.5 Alive, not working well 4.7 
| 1.3 Alive, not working- pain 3 
l 1.3 Alive, working- pain 5 
4 d.d Converted to total pancreatectomy 4 
3 3.8 Institutionalized Fat 
4 5.2 Lost to followup 
3— Alive, working and well 4 
I- Alive, not working, pain | 
21 27.3 Deaths (1 operative) 
Late 
9— 11.756 not related to pancreatitis 3.4 
10-13% in part due to pancreatitis 2.5 
1— 1.366 due to pancreatitis 4 
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TABLE 4. Incidence and Severity of Diabetes 


Control 
Diet & Oral 
Pre Post Pre 
40-80% Distal resection 7 7 
80-95%. Distal resection I5 11 
Pancreaticoduodenectomy I 3 


. * Significant difference beyond the .0001 level. 


of the patients and seemed related to the length of time 
drains were left in place. Drains were often left for long 
periods because of the frequency of short lived pan- 
creatic fistulas. These postoperative pancreatic fistulas 
seldom required further operative intervention, and were 
more frequent after the 40-80% resection than the 
80-95% distal resection. 

Postoperatively complications associated with duo- 
denal and gastric ulcers were frequent. Massive hemor- 
rhage required reoperation in 4 patients. Duodenal 
obstruction was noted in 2 patients. Perforation and 
associated peritonitis were the direct causes of death in 2 
other patients. The incidence of an ulcer diathesis was 
highest in patients having 80-95% distal pancreatic re- 
section, and prompted us to accompany the procedure 
with a vagotomy and pyloroplasty if there was any 
previous history of an ulcer diathesis or hypersecre- 
tion on preoperative evaluation. 

Common duct injury was unique to the 80-95% distal 
resection and occurred in 6 patients. All were recognized 
at operation and repaired. Revision because of stricture 
formation was later required in 2 patients. In all instances 
of common duct injury the duct had not been intubated with 
a metal bougie as we recommend. The bougie's presence 
in the duct can be palpated when dissecting tlie head 
of the pancreas from the duodenum, and injury to the 
common duct avoided. 

Late stricture of the choledochojejunostomy occurred 
in 3 patients following pancreaticoduodenectomy requir- 
ing further surgery for revision of the anastamosis. 


Operative and Late Deaths 


There were 3 operative deaths. Death in 2 patients 
was deemed preventable. An elderly arteriosclerotic man 
mistakenly thought to have carcinoma was subjected to 


TABLE 5. Clinically Troublesome Steatorrhea 


No. Pts. 
Preop. Percent No. Pts. Percent 
40-80% Distal resection 2 3.7 10 19.0 
80-95% Distal resection 7 9.0 29 37.6 
Pancreaticoduodenectomy 1 5.2 10 55.0 


Control 
Insulin: Total 
Post Pre % Post % 
10 9 17 17' 32 
45 22 28 56* 72 
2 3 15 5' 26 


pancreaticoduodenectomy. Death followed a lengthy 
postoperative course including an extermity amputation 
required for peripheral occlusive disease. A 95% distal 
pancreatectomy was attempted in a patient with marked 
portal hypertension without initial decompression of the 
portal system. Death resulted at operation from un- 
controlled hemorrhage. 

Twenty-two of the 30 late deaths (Table 8) were in 
part related to continued use of alcohol or narcotics or 
sequelae of pancreatic exocrine and endocrine insuf- 
ficiency, pneumonia, suicide, or perforated ulcer and 
peritonitis. Sixteen of the 22 patients were free of pain. 
The number of late deaths from these causes were highest 
following the 80—95% distal resection in which among the 
operations studied the most pancreatic tissue is removed. 
Sixteen of the 22 deaths followed 80-95% distal resec- 
tion of the pancreas, 4 after 40-80% resection and 2 after 
pancreaticoduodenectomv. 

Eight late deaths were from causes unrelated to pan- 
creatitis or pancreatectomy and their sequelae. All 8 pa- 
tients were well and working following operation until 
the onset of their terminal illness. 

Comment. Operations employed in the management of 
chronic pancreatitis include excisional procedures, de- 
compression of the pancreatic ductal system and inter- 
ruption of the afferent fibers from the pancreas passing 
through the splanchnic nerves. Using relief of pain as the 
criteria of success the percentage of patients reported 
to have a favorable result by operation were proximal 
or distal resection of the pancreas 73—9596?:567.9.1.15.17 
and longitudal pancreaticojejunostomy 49—83% .3:5:12-15.18,19 
Splanchnicectomy has less than a 30% chance of favor- 
able outcome if patients are followed for 2 years or 
longer.? 


TABLE 6. Weight Changes 


Same or 
Increased Less 
No. Pts. 926 No. Pts. % 
Post 40-80% Distal resection 39 78 11 22 
Post 80-95% Distal resection 38 56 30 44 


Post pancreaticoduodenectomy 15 83 3 17 
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Were relief of pain and a low operative mortality the 
only goals in the management of patients with chronic 
pancreatitis there would be little choice between pan- 
creaticoduodenectomy and 40-80% or 80-95% distal re- 
section of the pancreas. However, relief of pain is not 
the only goal in the choice of operation. Prevention of 
exocrine and endocrine insufficiency deserves a high 
priority. Removal of less than 80-95% of the pancreas 
through more accurate localization of the disease is 
practical and is almost as effective in eliminating the 
preoperative pain symptom complex and at the same time 
reduces the likelyhood of creating an exocrine and endo- 
crine cripple. 

While it is evident that resection of 40-80% of the 
pancreas leaves more pancreas than an 80-95% resec- 
tion, it is not so obvious what percentage of the pancreas 
is removed with pancreaticoduodenectomy. If the line of 
resection in pancreaticoduodenectomy is 4—6 cm to the 
left of the superior mesenteric vein probably not more 
than 50% by weight of the exocrine pancreas is removed 
as the major portion of the body and tail remain. How- 
ever, due to the higher concentration of islets in the tail 
of the pancreas, appreciably less than 50% of the mass of 
the endocrine pancreas has been removed.?? Therefore, 
what is often thought of as radical surgery because of the 
technical difficulties and tediousness of the surgery is not 
radical as judged by the generous portion of exocrine 
and endocrine pancreas which remains with the patient 
after pancreaticoduodenectomy. Eighty to 95% pancre- 
atectomy is technically a much easier procedure to 
perform but is much more radical than pancreatico- 
duodenectomy in the mass of pancreatic tissue excised 
and the high incidence of exocrine and endocrine insuf- 
ficiency which results. The incidence and severity of 
diabetes, steatorrhea, peptic ulcer disease pre and post- 
operative weight change and late deaths (Tables 4 to 7) 
are all sequelae which adversely reflect on the useful- 
ness of the 80-95% resection for control of pain. 

The superiority of pancreaticoduodenectomy to 80- 
95% distal resection in the prevention of diabetes is easily 
explained on the basis of the greater mass of tissue which 
the patient retains and the higher concentration of islets 
in the tail of the gland.?? 

Likewise the reasons for finding a higher incidence of 
steatorrhea and failure to gain weight after pancreatico- 
duodenectomy as compared to 80-95% distal resection 
are evident from an analysis of the anatomical and 
physiologic differences between the operations. The loss 
of half the stomach in pancreaticoduodenectomy is a 
significant cause of steatorrhea in itself. The average 
fecal loss of fat following 80-95% distal resection when 
measured in our patients averaged 26.4 gm/day when re- 
ceiving a 100 gm fat diet on the metabolic ward. The 
average fecal loss of fat after subtotal gastrectomy and 
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TABLE 7. Chronic Pancreatitis: Postoperatiye Complications 
(149 Patients) 
Pancreatico- 

duodenectomy 40-80% 80-95% 
(19) (53) (77) 
Intra-abdominal abscess 3 15 17 
Pancreatic fistula 2 9 6 
Duodenal or gastric ulcer l 3 12 
Wound infections l l 9 
Common duct injury 0 0 6 
Upper G. I. hemorrhage 2 3 I 
Bowel obstruction ] 2 3 
Osteoporosis ] l 2 
Thombophlebitis 0 3 ] 
Pulmonary embolus 0 0 I 
Revision of late CD strictures - 3 0 . 0 
Pulmonary 2 2 4 


Bilroth II reconstruction (a part of the defect encurred : 
during reconstruction of a pancreaticoduodenectomy) 
averaged 30% according to Javid? and Wollaeger.?' In one 
of our patients who had previously had a hemigastrectomy 
with Bilroth II anastamosis, the fecal fat loss prior to 
95% resection was 32.2 gm/day. This rose to 90.8 gm 
postoperatively. The addition of large amounts of pan- 
creatic enzymes to the diet reduced the fecal fat loss to 
23.49 gm/day.® Theoretically, the difficulty in maintain- 
ing welght and avoiding steatorrhea should be much 
greater in patients with pancreaticoduodenectomy than 
in 80—9596 distal resection. However, the differences be- 
tween patients in total caloric intake, dependent on ap- 
petite and a sense of well being, the patency of the 
pancreaticojejunostomy anastomosis, the patients will- 
ingness to take pancreatic enzyme replacement therapy 
are all variables which may influence the severity of 
steatorrhea and weight in a given individual. These 
problems emphasize the absolute necessity and commit- 
ment for prolonged followup care any surgeon or institu- 


TABLE 8. Chronic Pancreatitis: 30 Late Deaths 
Following Pancreatectomy 


22 Patients. Sequelae alcoholism, pancreatitis, pancreatectomy (16 
pain free). 


No. Pts. 
9 Alcoholism, pneumonia or both 
I Alcohol and narcotic addiction 
5 Malnutrition, hepatic failure, bleeding varices 
3 Suicide 
2 Hyper or hypoglycemic reactions 
2 Perforated ulcer with peritonitis 


8 Patients. Unrelated to sequelae alcoholism, pancreatitis or pancrea- 
tectomy. 


No. Pts. 
3 Myocardial infarct or cerebrovascular accident 
2 Peritonitis- intestinal obstruction- D & C 
l Pulmonary embolus 
l Chronic obstructive lung disease 
l CA breast 
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tion must make -to these patients. The surgeon who is 
interested only in the technical aspects of pancreatic 
surgery Should not operate on patients with chronic 
pancreatitis. These patients are best managed in an 
institution which handles more than the occasional pa- 
tient, by a multidisciplinary team which can attend to 
the nutritional, emotional and hormonal needs of the 
patient. 

Following the last reviews of our experience with 
pancreatectomy in 1969? and 1971° we are more conscious 
of the desirability of conserving pancreatic tissue and 
avoiding imposition of a diabetic state on a group of 
mostly alcoholic patients who do not adhere to a regular 
diet or follow instructions regarding their insulin regula- 
tion. In spite of the scientific advances in the manage- 
ment of diabetes in recent years the institutionalization 
of 4 patients with organic brain damage from problems 
associated with insulin management justifies our scepti- 
cism as to the capacity of the alcoholic to manage his 
diabetes. 

Today, therefore, we tend to recommend pancreatico- 
duodenectomy when the major site of inflammation is in 
the head and uncinate process of the pancreas. We also 
believe that a major distal pancreatectomy under these 
circumstances is ill advised, particularly if the patient 
is an alcoholic. Other more specific indications for 
pancreaticoduodenectomy are evidence of a marked 
degree of mechanical obstruction of the common duct 
with proximal dilatation and duodenal stenosis and 
portal hypertension.9:19 

We see no major advantage to longitudual pancreati- 
cojejunostomy when compared with 40-80% distal 
pancreatic resection. Pain relief according to published 
reports is achieved in a roughly similar percentage of 
patients, though most reports by authors who have an ex- 
perience with both procedures indicate distal pancre- 
atectomy provides relief from pain in a greater per- 
centage of cases.9!5 The success of the pancreatico- 
jejunostomy in alleviating pain is reported to depend on 
patency of the pancreaticojejunostomy which sometimes 
strictures or becomes entirely separated,'® a complica- 
tion not associated with distal pancreatectomy. The 
incidence of steatorrhea and diabetes recorded after 
pancreaticojejunostomy!$ is similar to 40-80% distal 
resection as is the operative mortality and the number of 
late deaths. 


Pseudocysts 


Patients with pseudocysts represented a significant 
portion (42%) of our experience with chronic pancre- 
atitis. While we do not advocate pancreatectomy as the 
initial procedure of choice in the management of patients 
with pseudocysts we strongly endorse its use in patients 
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with pseudoaneurysms of the visceral vessels in associa- 
tion with a pseudocyst. Major arterial hemorrhage from a 


pseudoaneurysm occurring as a complication of pseudo- ~ 


cyst formation and chronic pancreatitis is often only 
temporarily controlled by ligation of the bleeding point in 
the cyst wall and decompression of the pseudocyst.!* Re- 
bleeding necessitates reoperation and is often associated 
with complications and death. Our recent review" of this 
problem encourages us to believe primary extirpation of 
the pseudocyst, and pseudoaneurysm after ligation of the 
feeding vessel provides the best opportunity for cure. 
Thirty-six (57%) of our 63 patients with pseudocysts 
had undergone a previous operation for decompression of 
the cyst. Pancreatectomy is an effective remedy for re- 
current cysts, multiple cysts or persistence of pain after 
decompression of the cyst. The short and long term fol- 
lowup results for relief of pain and the incidence of exo- 
crine and endocrine insufficiency following pancre- 
atectomy for a pseudocyst were similar,to other patients 
with chronic pancreatitis undergoing the same operation. 


Late Deaths 


Late deaths in patients with chronic pancreatitis! fol- 
lowing a variety of operative procedures for relief of 
pain are frequent. The percentage of late deaths in pa- 
tients after pancreaticoduodenectomy were reported to 
be: Warren 22.496," Gullemin 45%,’ Leger 5096.? Late 
deaths after 80—9592 distal resection were Weiland 5066, 
Zeppa 2896, this report 22% and Leger 40%.° The Du Val 
procedure was associated with 25925 late deaths and the 
longitudal pancreaticojejunostomy Leger 3396,» Way 
3796,19 Sato 2596.? 

The percentage of late deaths reported following 


excisional operations are not markedly different from the. 


percentage of those dying after operations to decompress 
the pancreatic ductal system. However, because the 
percentages are based on reports whose followup time 
varied by more than a few years the percetages are 
not comparable and any conclusion drawn from such 
comparisons is invalid. Only 2 of these reports? in- 
clude life tables which allow quantitative comparison of 
survival after different operations. Leger's survival tables 
show fewer late deaths after lateral pancreaticoje- 
junostomy as compared to pancreaticoduodenectomy. 
A survival table (Fig. 4) summarizing our experience 
with pancreaticoduodenectomy, 80—9596 and 40— 8096 re- 
section shows alcoholism to be the most significant 
factor influencing survival.* 

The cause of the late deaths following pancreatectomy 


* No distinction was made between late deaths attributable to or not 
attributable to the effects of alcoholism, persistent pancreatitis and 
pancreatectomy. 
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Fic. 4. From 3-8 years 
after pancreatectomy pa- 
tients with the 80-95% 
distal resection have a 
greater likelyhood of dying. 
Beyond that time there was 
no significant difference 
between the 3 operations as 
to the incidence of late 
deaths. The non-alcoholic 
patients most of whom had | 
80-95% distal resection 
had a higher survival rate 
than the alcoholic patient 
regardless of the operation 
performéd. 
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Survival Following Pancreatectomy ` 
(149 Patients) 


Non-Alcoholics 


Pancreaticoduodenectomy ;- 
Alcoholics 


Alcoholics; 40-80% 
Distal Panc. 


Alcoholics; 80-95% 
Distal Panc. 


8 10 


Years After Surgical Procedure 


can be attributed to any one or more of a combination 
of factors including alcoholism, recurrent pancreatitis 
in the remnant of gland, complications of exocrine and 
endocrine insufficiency and disease unrelated to alcohol- 
ism or the operation. 


Alcoholism 


Most patients with chronic pancreatitis are alcoholics. 
Alcoholism is a devastating disease. The life expectancy 
of the alcoholic is known to be less when matched with 
the non-alcoholic population with regard to sex and age. 
Quantitatively some rough estimate of the contribution 
of alcohol to late deaths following pancreatectomy can 
be extrapolated from figures from the Karolinska Hospital 


~~ for Alcoholism. Twenty-two per cent of men hospitalized 


" 


for alcoholism were dead after a followup of 8-9 
years and another 30% were critically ill.5 Late deaths 
attributable to alcoholism included hepatic failure, hemor- 
rhage from varices and suicide. 


Persistent Pancreatitis 


Persistent pancreatitis in the remnant of pancreatic 
tissue was a source of morbidity and late deaths. Three 
patients with a 40-80% distal pancreatectomy and 4 pa- 
tients with a 80—9546 resection required reoperations to 
remove more pancreatic tissue because of recurrent 
symptoms of pancreatitis. Two late deaths from malnutri- 
tion and alcoholism were in part related to persistent pain 
and reduced caloric intake. 


Pancreatic Insufficiency 


The incidence and the complications of endocrine 
insufficiency were more frequent after 80—9596 pancre- 


atectomy than 40-80% distal resection of pancreatico- 
duodenectomy. Management of these brittle diabetic pa- 
tients is complicated by their alcoholism. Individuals 
who neither eat- or take their insulin regularly are sub- 
ject to hypoglycemic reactions and diabetic coma. In- 
creased susceptibility to infection, a feature of both the 
alcoholic and diabetic, as well as intensification of the 
problems associated with diabetic management in the 
presence of infection probably contribute to the large 
number of late deaths from pneumonia. 

Because of the morbidity and late mortality T 
with 80—95% distal pancreatectomy we recommend distal 
resection be limited to 8075 of the gland whenever pos- 
sible. The use of preoperative retrograde cholangio- 
pancreatography is an important adjunct for localization 
of the disease process in the pancreas, which taken 
with the operative findings will assist in the decision 
as to how much pancreas to remove and whether a 
proximal or distal pancreatectomy is indicated. 
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DISCUSSION 


DR. HtRAM C. Pork Jr. (Louisville, Kentucky): In keeping with 
Dr. Frey's conservative closing remarks, I would like to draw atten- 
tion to one point that obviously was not stressed during his discus- 
sion; that is the real impact that increasing precision in diagnosis in 
this hitherto inaccesible organ is having upon surgical care. Our 
surgical endoscopic group, Drs. Knutson, Max, and Aaron, have 
been very frequently able to cannulate this duct, and allow us the 
luxury that we have had with past contrast studies in other organs 
in the gastrointentional tract. We can now approach pancreatitis with 
an anatomatically defined operation posed for the patient who is likely 
to benefit from the approach, without having to take a blind attack on 
an illness that has never responded in a very precise way. 

I only bring this to the Association's attention, to indicate that 
we are, at least in very short, early followups, beginning to get a very 
excellent result to a variety of operations, styled specifically to the 
anatomic abnormality, to provide drainage, excision, etc. in keeping 
with the thesis presented by Dr. Frey. 


Dn. LESTER F. WILLIAMS (Boston, Massachusetts): Our experience 
with a small group of alcoholic patients leads me to ask two questions. It 
should be stressed that our group of patients and the authors are 
not comparable. For example, our group included only 13 patients who 
were unusual because they represented only 1896 of the Boston City 
Hospital patients with pancreatitis. We gave them the label ‘‘severe, 
protracted, acute pancreatitis" because we were concerned about a 
single episode of a severe inflammatory process. The authors were 
concerned about the ‘‘total picture’ of chronic pancreatitis as a cause of 
pain. In our small group some of the patients were having an 
episode which was one of many, and in that sense they would be 
comparable to the current group, but others were seen during their first 
hospitalization. 

My first question is: In those patients with severe pancreatitis who 
can be shown not to have a pseudocyst or a dilated duct that is amen- 
able to some sort of drainage procedure, is it not reasonable to do 
resections earlier than we have done? I believe there were only 27 
patients in the authors' series who had resection as a first procedure. 
This suggests to me that the ‘‘other operations" which had been done 
were not appropriate for the control of the inflammatory process. 

My second question relates to nutrition. Dr. George Blackburn and 
his associates have found severe nutritional problems in all of our pa- 
tients. The depletion 1s sufficiently severe that before they could be oper- 
ated upon it took weeks to months to correct their nutritional 
depletion. We recently looked at data from 12 patients with pancreatic 
trauma involving a major duct, and have found exactly the same 
nutritional problem. Thus the question is: What role should the 
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presence of nutritional depletion— that is explained by the 


inflammatory process, but not explained by diabetes—play in the de- < 


finition of severe pancreatitis? And if it plays a part, does this suggest 
a need for resection, when dilated ducts or pseudocysts can rot be 
drained? 


Dr. WILLIAM H. REMiNE: I have been interested in pancreatitis 
for quite some time, as you known, and recently made a similar re- 
view of 128 patients who were followed for an average of 44 months. 
I say this to support Dr. Frey in everything he said. 

First of all, 5 years is a more adequate followup and even langer, 
if at all possible, because in our study we found that patients did well for 
more than 5 years and then had evidence of recurrence of their disease. 

Most of the patients who have poor results, though, can be identified 
within 6 to 12 months following the operation. 

One must remember that the result obtained can not necessarily 
be related directly to the type of operation that was performed, be- 
cause the type of operation performed is dictated by the findings of the 
pathology at the time of operation. It is very difficult to determine just 
what the true result of that particular procedure is. It is rather, 
the result of an operation for a particular complication. 

Now, in our study, it was noted that the highest proportion of 
good results, or 8596, was obtained in those patients who had re- 
section of the tail or the tail and body, which was usually perfcrmed 
for predominant disease in these areas. 

A similar incidence of 8096 of good results was obtained following 
internal drainage of a pseudocyst. Drainage operations performed under 
other circumstances, produced a lower incidence (60 to 62%) of good 
results. 

The Whipple operation, which was mentioned, was performed on only 
7 patients and 5 of these had a good result. I must hasten to add, 
though, that this is an operation that should be strictly confined to those 
lesions that directly involve only the head of the pancreas. Ours were 
done mainly because of extreme calcification in that part of the gland. 
The remainder of the gland was free of disease and exocrine and 
endocrine function was good. 

We do not do the Whipple procedure if endocrine and exocrine func- 
tions are not present. 

Total pancreatectomy was performed only three times and onlv one 
patient had a good result. 

The problem with pancreatitis patients is, as has been stressed so many 
times, the problem of alcoholism. The patients who are diabetic are 
unable to manage themselves. The two who did not get a good result 
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died as a result of their diabetic problem and lack of an ability to. 


manage it. 
We approach the pancreatitis patient very conservatively. If there is 


, any remaining function left, we use every kind of procedure we can 
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to try and maintain that functional reserve. It is important to point 
out that in another series that we followed and reported just a few short 
years ago, a number of those patients who had a good result following 


surgery eventually became diabetic, even though they were 
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asymptomatic from their original pancreatitis. So you may expect to 
have continuing difficulty with the patient even though the operation 
was à SUCCESS. 

The manuscript did not mention how the stump of the pancreas fol- 
lowing distal resection was managed. I would like to ask Dr. Frey 
whether he used drainage or ligation. 

Also, he mentioned that he is now doing vagotomy with some of these 
procedures and I wanted to know what kind of vagotomy. 


DR. KENNETH W. WARREN (Boston, Massachusetts): I would like to 
show some slides that will emphasize the individualization which the 
authors have emphasized. This is a patient who has an obvious 
involvement of the distal part of the gland, and, as unbelievable as it 
may seem, this patient has had multiple attempts to drain these 
cysts before being referred to the Clinic. Just a pancreatectomy was 
done, with an excellent result. 

(Slide) This is what would be called a classical 40-50% resection. 
Now, distal pancreatitis may occur. You see a sentinel stone here, 
to the left of the vertebral column. And in the next slide you will see 
the pancreatogram, showing obstruction at that point. The rest of the 
gland was relatively normal. 

In the next slide you will see the specimen, showing that this part 
of the gland had been destroyed. I think this is what the authors are 
driving at, and you may have to remove more than the specimen 
that has been shown here. On the other hand, when you see a large 
duct such as this, multiple cysts in the head of the pancreas, it is 
possible to anastomose this. These two cysts were converted into a 
cloaca, and a Roux-en-Y anastomosis was done to the duct and the cyst. 

This slide shows the development of the procedure before the T-tube 
is placed down, and the anastomosis has been made. The anastomosis 
of the lining of the duct to the mucosa of the jejunum is very precise. 

(Slide) This would seem to be an absolutely hopeless situation for 
anything less than total pancreatectomy, but, indeed, it is not, as you 
will see in the next slide the artist's rendition of what we found, 
the large cyst on the anterior surface of the pancreas, a small 
cyst posteriorly, a greatly dilated duct. This cyst was anastomosed to 
a Roux-en-Y segment, the duct anastomosed, and this cyst did not 
communicate with the main duct, and was drained externally. 

We have done at the Clinic approximately 180 Whipple procedures 
for chronic relapsing pancreatitis. Obviously, many of them were done 
many years ago, and today, with a large, dilated duct distal to this, 
we're doing fewer of these, and what Dr. Frey said about the con- 
sequences is true, and yet it does have a place. 

If the head of the gland, on the other hand, is completely de- 
stroyed, a Whipple procedure is indicated. A total pancreatectomy, as 
a primary procedure, should be limited to a situation where the entire 
gland was outlined with large stones. 

The last shde will show the specimen, and I don't believe there's 
anything short of total pancreatectomy that would help. 

I would like to emphasize once again the necessity for individualizing 
the operation and fitting that operation to the pathology. 


Dr. WILLIAM P. LowGMIRE, JR. (Los Angeles, California): 
Some years ago, stimulated largely by Dr. Child and Dr. Frey, from 
Michigan, and also Dr. Mercadier, from Paris, we began to use exci- 
sional therapy for this disease much more extensively than we had in the 
past. Although, as has been pointed out by Dr. Frey, this does result in 
some deficiencies, it certainly provides the best cure of the pain. 

Recently our attempts have been directed more toward trying to 
preserve the function of the gland, and to improving the drainage 
procedures, so that we can eliminate the extensive resections that we 
have previously been performing. 

I would like to comment particularly in this regard, and also, as I 
think Dr. Polk mentioned, in regard to the newer diagnostic aids, 
which we have found to be of considerable importance in allowing us to 


K plan the operation prior to the procedure itself. 


(Slide) First, an example of the use of retrograde endoscopic 
examination: this patient, who was somewhat of an alcoholic, had 
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severe back pain, typical of pancreatic pain. We questioned whether it 
was pancreatitis, or possible carcinoma. By ERCP examination we 
identified what we thought was going to be an early carcinoma of the 
body of the pancreas. Unfortunately, at the time of operation, metastases 
were found in the liver. 

But the procedure has been of value in identifying the condition 
of the duct of Wirsung prior to operation, which, of course, is an im- 
portant feature in determining the type of operation to be performed. 
The second helpful diagnostic procedure has been the use of ultrasound. 

] would like to emphasize the importance of opening the branch of 
the duct of Wirsung that passes into the uncinate process when per- 
forming a lateral pancreaticojejunostomy. I think many times we over- 
look the importance of this portion of the gland, and do not appreciate 
what a major portion of the functioning pancreatic tissue is incorpor- 
ated therein. . 

It's a difficult part of the gland to get to an operation. We have 
found it important to continue the anterior exposure of the duct right 
down to the pancreaticoduodenal artery, sometimes under it; also we 
perform an open duodenotomy and sphincterotomy so as to remove all 
calculi from the duct. The terminal position of the duct is approached 
via the duodenum as well as through the ventral surface of the pancreas. 
After removal of all calculi, a sphincteroplasty and a lateral 
pancreaticojejunostomy are performed. 

With this procedure we have been able to improve the results of 
some of the lateral anastomoses. Recently we have used major exci- 
sion of the gland only for cases like some that have been demon- 
strated here today, where the process was exceedingly extensive, or 
where lateral anastomoses have failed. 


PROFESSOR MAURICE PAUL MERCADIER (Paris, France): In my ex- 
perience, which means 23 years and some 600 cases of chronic pancre- 
atitis, the indications to perform pancreatectomy are: first, the impos- 
sibility of draining the duct system by means of an anastomosis be- 
tween the duct of Wirsung and a part of the digestive tract; (2) 
the late stage of the disease, especially in the case of calcifying alcoholic 
pancreatitis complicated by intrapancreatic pseudocysts, duodenal 
stenosis, biliary duct stricture, left-side portal hypertension, pseudo- 
aneurysm of the pancreatic artery; (3) the importance of exocrine and 
endocrine deficiencies— especially endocrine insufficiency — diabetes 
being a very good indication for pancreatectomy. 

The choice of the operation 1s based mainly on the site of the 
disease: (1) distal pancreatectomy when the schlerosis is at the tail of the 
pancreas, or left hemipancreatectomy when the tail and the body are 
involved; but in my experience this condition is very rare; (2) proximal 
pancreatectomy by Whipple's operation when the sclerosis is located at 
the level of the head of the pancreas. 

Distal pancreatectomy or left hemipancreatectomy, with or without 
splenectomy, are easy operations to perform. The indications, at least 
in my experience, are rare. The results are usually good. 

I usually complete the operation with an end-to-end pancreatico- 
jejunostomy with a Roux-en-Y jejunal loop (Merlin-Duval operation). 

Whipple's operation is more complex, but worthwhile. Performing a 
duodenocephalic pancreatectomy, it is very important to remove the 
uncinate process, and to add a truncal vagotomy to prevent the forma- 
tion of late postoperative peptic ulceration. (With a long followup, I have 
seen to date 7 cases of peptic ulceration after Whipple's operation.) 
Whipple's operation has given good results in seven cases. 

As to the almost total pancreatectomy—1 would not say 95% 
pancreatectomy because it is impossible to perform exactly a 9596 
pancreatectomy —the operation is not so difficult, but the postopera- 
tive course is often very complicated. I have seen necrosis of the duo- 
denal loop in one case, necrosis of the transverse colon in another 
case, and many cases of life-threatening left intra-abdominal 
abscesses. I have tried many procedures to abscesses: drainage, 
stump drainage, lavage and drainage. To me, this is still a problem, and 
I do not know the solution. 

Later, diabetes is sometimes very difficult to control, recurrence of 
the disease is possible, involving the ring of pancreatic tissue by the 
duodenal loop or the uncinate process. 

Total pancreatectomy is easier to perform than almost total 
pancreatectomy, but with alcoholics, drug addicts, uncooperative 
patients, postoperative care is practically impossible to assume: 
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diabetes and hypoglycemia, steatorrhea and weight loss, malnutrition 
and even tuberculosis are the most frequent complications. I have 
reached the point where I considér total pancreatectomy an unwise 
operation. 

In summary, I think that pancreatectomy, left distal hemi- 
pancreatectomy, and especially Whipple's operation, represent an im- 
provement ih the surgical treatment of extremely severe, recurrent 
pancreatitis: 82% of good results, against 66% of good results when you 
perform pancreaticojejuriostomy, or pancreaticogastrostomy. 


Dr. CHARLES Frey (Closing discussion): We did not have time to 
present all the preoperative evaluation that we go through in these 
patients, but I would certainly agree with Dr. Polk and Dr. Longmire 
that preoperative retrograde pancreatography is an essential part of the 
evaluation of these patients with chronic pancreatitis, in order to plan 
an appropriate operation that will match the anatomy to the patient. 

Dr. Williams has raised two questions as to whether patients who 
apparently bave had attacks of acute pancreatitis with complica- 
tions might possibly undergo earlier resection. He's also raised the ques- 
tion of nutritional deficits associated with these patients and how they 
might be managed. 

This is not the group of patients that we were dealing with, but I 
think that Dr. Williams himself has answered some of these questions in 
a paper that he presented at the University Surgeons a year ago, in 
which the use of the elemental diet was absolutely essential, and 
parenteral hyperalimentation was essential, to the management of these 
patients. 
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We would not favor, I think, in those individuals earlier operation, 
because of the degree of inflammation. I think there would be z con- 
siderable degree of technical complications which would make an ex- 
cessive mortality. 

Dr. ReMine, we would certainly agree with the need for long- 
term followup, because we hdve noticed that a number of these pa- 
tients will develop osteoporosis as a result of their steatorrhea, and 
exocrine insufficiency. Some of them develop tuberculosis. And it is for 
this reason that we feel that this group of operations should not be done 
unless there is an institutional commitment to follow these patients for 
a long period of time. It is not the type of operation to be done ty the 
occasional operator in a hospital in which there is not an endocrinologist 
and a gastroenterologist to help in the followup of the patient. 

Dr. ReMine also raised the question of how we handle the tail of 
the pancreas, if there has been a resection. If the resection is 40 or 50% 
resection, we usudlly ligate the pancreatic duct, the distal part of the duct 
and then sew over the end in addition to this. If this is a more exten- 
sive resection, of 80 or 9595 of the pancreas, it's not possible to sew 
over the end of the pancreas, and we simply ligate the duct. 

He also asked about what type of vagotomy we do in these pa- 
tients. We have done a truncal vagotomy and pyloroplasty in those 
patients who were hypersecreters prior to operation. 

Dr. Longmire, we would certainly concur with your efforts to reduce 
the need for resecting large amounts of the pancreas, and I think that the 
operation that you described should certainly be pursued, and I think, 
in the long term, in terms of reduction of the exocrine and endocrine 
deficits, this does hold a considerable amount of hope for these patients. 
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Abnormalities in Gallbladder Morphology and Function in 


Patients with Cholelithiasis 
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Thirty-seven symptomatic cholelithiasis patients who had 
cholecystectomy were studied to determine the relationships be- 
tween clinical manifestations, histologic findings and gallbladder 
absorptive capability. A clinical score was calculated from 
clinical data which we thought might be predictive of abnormal 
gallbladder histology. Histologic parameters indicative of gall- 
bladder disease were used to calculate a histologic score. Short- 
circuit current measurements, which reflect gallbladder sodium 
absorption, were used to assess absorptive function. Patients with 
very high clinical scores, indicative of pronounced clinical findings, 
had high histologic scores and low short-circuit current values, 
indicative of marked histologic changes and poor absorptive func- 
tion, respectively. For the remainder of patients, the clinical score 
was not predictive of histologic findings or absorptive function. 
There was linear correlation between histologic scores and short- 
circuit current values, which suggests that absorptive function 
of the gallbladder is directly related to the degree of histologic 
abnormality, and that absorptive capability is not an all-or-none 


* phenomenon. The data also show that visualization on oral 


cholecystography is an unreliable measure of gallbladder ab- 
sorptive capability. 


HOLELITHIASIS is associated with a wide spectrum 
C of clinical manifestations. Some patients who have 
calculi are asymptomatic. Others have clinical manifesta- 
tions ranging from mild dyspepsia to generalized peritonitis 
due to acute cholecystitis, gangrene and perforation of the 
gallbladder. 

Patients who have cholesterol gallstones produce an ab- 
normal bile which results in cholesterol precipitation, and 
ultimately, formation of gallstones.? The specific mechan- 
isms which cause these physicochemical events to occur 
in the gallbladder are not clear, but the possibility 
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exists that formation of cholesterol gallstones could take 
place in gallbladders which are physiologically and 
morphologically normal. | 

For the most part, clinical trials of chemotherapeutic 
gallstone dissolution are being carried out in asymptomatic 
or minimally symptomatic patients who have a function- 
ing gallbladder as demonstrated by cholecystography.*- 
If successful, these trials will have a profound and bene- 
ficial effect on the treatment of asymptomatic cholelithiasis 
patients and might lead to prophylaxis, especially in high- 
risk groups. 

While chemotherapeutic gallstone dissolution would be 
inappropriate for patients with the clinical manifestations 
of acute cholecystitis, the question of its advisability in 
that group of patients commonly referred to as having 
chronic cholecystitis may be raised. The degree of 
histologic changes in the gallbladder and the extent to 
which the gallbladder is able to carry out its ability to 
concentrate bile could be factors which affect the efficacy 
of chemotherapeutic agents to dissolve gallstones. The 
extent to which clinical findings correlate with the degree 
of abnormal gallbladder morphology and function is not 
clear. 

The present study was an attempt to determine the 
relationships between histologic abnormalities c` .ae gall- 
bladder as determined by light microscopy, absorptive 
capability of the gallbladder as measured by an in vitro 
technique, and certain clinical manifestations which we 
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TABLE 1. Clinical Scoring 


Data Points 

Symptoms within 7 days of operation 1 

Abdominal tenderness 
None 


Moderate 
Non-visualization on cholecystogram 
Left shift, differential count 
Previous episode of acute cholecystitis 
Fever or elevated WBC during prior attack 


— — — U3 UJ N — C 


thought might be predictive of abnormal gallbladder 
morphology and absorptive capability. 


Methods 


Patient Selection. The studies were done on 37 highly- 
selected patients who were treated for symptomatic 
cholelithiasis by elective cholecystectomy. Although all 
patients had experienced symptoms which were con- 
sistent with gallbladder disease, those with signs and 
symptoms of acute cholecystitis were excluded. We did 
not study patients who required emergency or urgent 
operation, and also excluded patients who had physical 
findings of peritonitis, fever as manifest by temperature 
higher than 37.5?, or white blood cell count greater than 
10,000 cells/mm?. None of the patients was jaundiced or 
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Fic. 1. Histologic scores of gallbladders from patients in the two 


clinical score groups. In this and Fig. 2, long horizontal lines indicate 
the mean, and shorter lines indicate standard deviation. 
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Fic. 2. Short-circuit current values of gallbladders from patients in the 
two clinical score groups. 


had choledocholithiasis on operative cholangiography. 
All patients who had non-visualization of the gall- 
bladder on single-dose oral cholecystography had a 
double-dose oral cholecystogram. 

Clinical Scoring. A clinical score was calculated for 


each patient by summing the points assigned to the _ 


parameters listed in Table 1. These parameters were 
thought to possibly represent data which would tend to be 
predictive of abnormal gallbladder histology. All clinical 
scoring was done by one individual. 

Absorptive Studies. Electrical measurements were 
made on 26 gallbladders using methods we have previously 
described.! Immediately after the cystic artery was 
ligated, the fundus of the gallbladder was amputated and 


. placed in a buffered electrolyte solution at 0°. The serosa 


was removed by blunt dissection and the tissue was 
mounted between halves of a Lucite Ussing chamber. 
Both sides of the tissue (1.13 cm?) were bathed in 
buffered electrolyte solution, the composition of which 
was in mM: NaCl, 142; MgCL, 1.2; CaCL, 0.9; KAHPO,, 
4.2; KH;PO,, 1.5; and glucose, 5.5. The solution was 
perfused through each side of the chamber at 38? by a gas- 
lift circulating system driven by 100% O,. Tips of the 
Ringer-agar bridges were placed within 1 mm of each side 


of the tissue and the potential difference across the tis- - 
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sue was measured using a pair of calomel electrodes 
connected to a high impedance electrometer. Tissue 
short-circuit current was determined by measuring the 
amount of external current necessary to null the potential 
difference across the tissue, with correction for fluid 
resistance. The applied current was generated by a vari- 
able electromotive force, and passed to the extreme ends 
of the chamber through Ringer-agar bridges. 

We have previously shown that, in human gallbladder, 
the magnitude of the short-circuit current, expressed in 
microamperes, is equal to the net mucosal to serosal flux 
of sodium, in wEq/cm? — hr.! | 

Histologic Scoring.. The remainder of the excised gall- 
bladder was fixed and processed for examination by light 
microscopy. Routine hematoxylin-eosin sections were 
examined for each of seven parameters thought to be 
indicative of gallbladder disease. These parameters in- 
cluded fibrosis, mucosal diverticula (Rokitansky-Aschoff 


. sinuses), cholesterolosis, muscle thickening and inflam- 
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matory cell infiltrate. The presence of plasma cells and 
of eosinophiles was assessed separately. The degree to 
which each parameter was present was denoted by assign- 
ment of a score ranging from zero to four. The final 
histologic score was taken as the sum of the seven 
individual scores. 


Results 


Histologic scores ranged from 1.5 to 17.0, with a mean 
of 7.9 + 0.7 S.E.M., and clinical scores ranged from 
0.0 to 8.0, with a mean of 2.5 + 0.4 S.E.M. Patients 
with clinical scores from 0 to 3, indicative of minimal 
clinical signs and symptoms, had a mean histologic 
score of 6.5 + 0.6 S.E.M.; whereas patients with clinical 
scores from 4 to 8, indicative of more significant clinical 
signs and symptoms, had a mean score of 11.6 + 1.3 
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Fic. 3, Linear relationship between histologic scores and short-circuit 
current values. 
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Fic. 4. Linear relationship between histologic scores and potential 
difference values. 
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S.E.M. (Fig. 1). The difference between these means is 
statistically significant at the P < 0.01 level, but as Fig. 1 
shows, there is considerable overlap between the two 
groups. 

Values for short-circuit current ranged from 5 to 125 
pa, and the mean was 55 + 6 ua S.E.M. Mean short- 
circuit current in gallbladders from patients with clinical 
scores of 0 to 3 was 64 + 6 ua S.E.M., and for those 
with clinical scores from 4 to 8 was 39 + 9 ua (Fig. 2). 
The difference between the means was statistically 
significant (P « 0.05), but there was significant overlap of 
short-circuit current values between the two clinical score 
groups. 

Potential difference across the gallbladder wall ranged 
from 0.8 to 10.5 mv, serosa positive, and the mean for 
all tissues was 4.6 + 0.5 mv S.E.M. Mean potential 
difference for patients with clinical scores of 0 to 3 (5.3 
+ 0.5 mv S.E.M.) was significantly higher (P < 0.05) 
than that for patients with scores of 4 to 8 (3.3 + 0.6 mv 
S.E.M.). There was overlap of potential difference values 
between the two clinical score groups similar to that seen 
in Fig. 2 for short-circuit current. 

When short-circuit current values were plotted against 
histologic scores, a significant linear relationship was 
found (Fig. 3). Gallbladders with high histologic scores, 
indicative of severe disease, had low short-circuit current 
values, indicative of poor absorptive function. The same 
linear relationship was found when values for potential 
difference were plotted against histologic scores (Fig. 4). 

A general linear relationship was found between 
clinical scores and histologic scores (Fig. 5), but the 
correlation was not strong. Some patients with low 
clinical scores, indicative of minimal signs and symptoms, 
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had high histologic scores, indicative of severe gall- 
bladder disease. However, patients with high clinical 
Scores tended to have high histologic scores. The linear 
correlation between clinical scores and short-circuit cur- 
rent values was even weaker (Fig. 6). Some patients 
with minimal clinical signs and symptoms, manifested by 
low clinical scores, had poor absorptive function, 
manifested by low short-circuit current values. Neverthe- 
less, those patients with very high clinical scores 
tended to have low short-circuit current values. 

Nine of the 37 patients (24%) had non-visualization 
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of the gallbladder on double-dose oral cholecystography. 
Mean histologic scores of patients who had visualization, 
6.2 + 0.5 S.E.M., was significantly lower (P < 0.001) 
than mean histologic score of patients who had non- h 
visualization, 12.8 + 1.1 S.E.M. (Fig. 7). 

Of the 26 patients whose gallbladders had short- 
circuit current measurements, seven (27%) had non- 
visualization. Although the mean short-circuit current 
(64 + 6 ua S.E.M.) for gallbladders which visualized 
was significantly higher (P « 0.02) than the mean value 
(32 + Ilua S.E.M.) for gallbladders which did not 
visualize, there was considerable overlap between the two 
groups (Fig. 8). 


Discussion 


The group of cholelithiasis patients we studied was 
deliberately selected to exclude patients who had never 
experienced symptoms suggestive of gallbladder disease. 
Patients who had clinical findings suggestive of acute 
cholecystitis and patients with systemic manifestations ^ 
of inflammation were also excluded. The clinical and 
physical findings in the resulting group were typical of 
those encountered in patients generally referred to as hav- 
ing ‘‘chronic cholecystitis.” The term ‘‘chronic chole- 
cystitis’ is often used by clinicians to denote sympto- 
matic cholelithiasis, and by pathologists to describe a 
wide range of histologic findings in gallbladders which 
contain stones. In view of the current concept that gall- 
stones theoretically could form in a histologically normal 
gallbladder, it is conceivable that at least some symptoms 
in cholelithiasis patients are due to the presence of 
stones, rather than to inflammatory changes in the gall- 
bladder wall, and that some gallbladders removed from 
cholelithiasis patients are normal except for the presence 


of stones. The histologic characteristics of normal. 


gallbladders are not well-defined because the gall- — 
bladder undergoes rapid autolysis after death and normal 
tissue is not easily available. In some gallbladders 
which contain stones, the histologic findings are very un- 
impressive, and pathologists cannot be certain that they 
are abnormal. The histologic scoring system we used was 
designed to measure the extent to which parameters 
thought to be indicative of abnormal gallbladder 
histology were present. This system does not distinguish 
between normal and abnormal gallbladders, but itis highly 
likely that gallbladders with low histologic scores were 
normal. The parameters used in the clinical scoring 
system were those we felt might be predictive of ab- 
normal gallbladder histology. 

The results show that the group of patients with minimal 
clinical findings had gallbladders which had significantly 
fewer histologic abnormalities than the group with more 
impressive clinical findings (Fig. 1). The more detailed > 
analysis of individual patients in Fig. 5 shows that those 
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Fic. 7. Histologic scores of gallbladders which visualized and 
which did not visualize on oral cholecystography. In this and Fig. 8, 


Jong horizontal lines indicate the mean, and shorter lines indicate 


standard deviation. 


with the most severe clinical manifestations of gall- 
bladder disease, reflected by clinical scores of 6 to 8, had 
marked histologic abnormalities as well. For patients 
other than those in this group, clinical parameters 
were not predictive of the histologic status of the gall- 
bladder. Thus, clinical findings are of limited usefulness 
in determining the extent of gallbladder disease. 

We have shown previously that short-circuit current 
is an accurate indicator of net sodium absorption by 


gallbladder mucosa under in vitro conditions.! Since the 
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gallbladder concentrates bile by mucosal absorption of an 
isotonic solution of sodium chloride, short-circuit cur- 
rent is a sensitive measurement of the absorptive cap- 
ability of the gallbladder. Our findings show that the 
group of patients with minimal clinical manifestations 
of cholelithiasis had significantly better gallbladder 
absorptive function than the group with more pronounced 
clinical manifestations (Fig. 2). The large overlap between 
the two groups suggests that clinical parameters are not 
useful in predicting absorptive function. However, 
analysis of individual values (Fig. 6) shows that patients 
with clinical scores of 6 to 8, refiective of pronounced 
clinical findings, had poor absorptive function. The clin- 
ical manifestations of patients other than those in this 
group bore very little relationship to the absorptive 
function of their gallbladders. Thus, clinical findings are of 
only limited usefulness as determinants of gallbladder 
absorptive function. 

There was good correlation between histologic scores 
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and short-circuit current in that absorptive function was 
good in patients who had relatively normal gallbladders, 
and poor in patients who had histologically abnormal 
gallbladders. The same relationship existed between 
histologic scores and potential difference measurements. 
These findings also show that the absorptive capability 
of the gallbladder in cholelithiasis patients is not an all 
or none phenomenon. Instead, the absorptive capability 
of the gallbladder is directly related to the degree of 
histologic abnormality. 
. The group of patients which had visualization of the 
gallbladder on oral cholecystography had a significantly 
lower mean histologic score than the group who had non- 
visualization. However, there was wide overlap between 
patients with visualization and those with non-visualiza- 
tion with respect to short-circuit current (Fig. 8). This 
indicates that oral cholecystography is not a reliable 
measure of the absorptive capability of the gallbladder. 
These studies show that there is a direct relationship 
between gallbladder morphology and its absorptive func- 
tion. Since we did not, and cannot, study asymptomatic 
patients without cholelithiasis, it is not possible to de- 
fine normal short-circuit current and histologic score 
values. However, the minimal histologic findings and the © 
high short-circuit current values we found in some gall- 
bladders suggest that they were normal. It seems likely 
that significant clinical findings can be present in some 
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Fic. 8. Short-circuit current values of gallbladders which visualized 
and which did not visualize on oral cholecystography. Er 
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cholelithiasis patients who have morphologically and 
functionally normal gallbladders. 

The clinical parameters we used were not predictive of 
the morphologic and functional status of the gallbladder 
except in the small group of patients who had the most 
impressive clinical manifestations. This means that it is 
not possible to use our clinical scoring system to identify 
patients with minimal morphologic and functional aberra- 
tion for possible chemotherapeutic gallstone dissolution. 
In this connection, while the finding of non-visualization 
on oral cholecystography tends to exclude patients with 
minimal histologic and absorptive abnormalities, vis- 
ualization does not exclude all patients with severe 


DISCUSSION 


Dr. FRANK G. Moopy (Salt Lake City, Utah): Dr. Nahrwold and 
his colleagues have applied some very sophisticated methodology to 
the study of the natural history of gallbladder disease. It’s likely 
that further studies will answer the question as to why some patients 
go through life with gall stones and never have symptoms, while 
others tend to develop a very progressive inflammatory disease that 
in some cases is devastating. 

Unfortunately, dissolution of stones, or even removal of the gall- 
bladder with its contained stones, leaves some patients with symptoms 
of biliary tract disease. We have recently encountered two patients 
who have frank cholesterolosis of the papilla of Vater, who remained 
symptomatic many years after a cholecystectomy. Several others have 
had thickening of their transampullary septum, that thin veil of tissue 
that lies between the duct of Wirsung and the bile duct. 

Before the concepts and methods described by the authors can be 
applied to such subtle disease, I think that there are three ques- 
tions that have to be answered. Is it possible that patients with 
advanced gallbladder disease have a longer operation, with more 
. operative trauma, and therefore retrieval of the gallbladder for study 
subjects leads to more tissue injury? Is it also possible that the gall- 
bladder with chronic disease has a thicker wall, so that this methodology 
possibly may not allow proper oxygenation to keep the tissues viable? 
And finally while measurement of the short circuit current is a measure 
of sodium transport, is it indeed the parameter that we’re interested in, 
in terms of symptomatic gallbladder disease? 

Some of these questions could be answered if Dr. Nahrwold has 
studied. patients with cholesterolosis, because there the gallbladder is 
‘thin-walled, and can be removed easily, and the disease is con- 
fined to the mucosa. 


Dr. ALLAN ELIOT DUMONT (New York, New York): Dr. Nahrwold 
has shown that across-the-wall potentials and short circuit currents of 
the human gallbladder do not correlate closely with the results of oral 
cholecystography. If such electrical activity does. in fact, reflect 
the concentrating activity of the human gallbladder, and perhaps Dr. 
Nahrwald would comment on species differences in this regard, this is a 
most significant observation. 

An older and much less sophisticated approach has provided us with 
preliminary data which tend to support some of Dr. Nahrwold’s 
conclusions. In patients undergoing cholecystectomy for stones, we 
simply compared bilirubin concentrations in the gallbladder with con- 
centrations in the common duct. This provided an index of the ability 
of the gallbladder to concentrate the bile. Of the 13 patients studied 
so far, there were 5 with good opacification of the gallbladder on oral 
cholecystography, and in each case bilirubin levels were significantly 
higher in the gallbladder than in the common duct. 
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histologic and absorptive abnormalities. Additional at- 
tempts should be made to correlate clinical manifesta- 
tions with histologic and physiologic findings using 
other clinical parameters. 
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On the other hand, among 8 patients who failed to opacify on the oral 
test, there were 3, whose gallbladders also contained bilirubin in sig- 
nificantly higher concentrations than in the common duct. 

Dr. Nahrwold and his coworkers have raised some important ques- 
tions. A vast clinical experience with oral cholecystography notwith- 
standing, the suggestion seems warranted that traditional interpretations 
of this test be reexamined. 


Dr, LAWRENCE W. Way (San Francisco, California): I agree with 
Dr. Nahrwold’s major conclusions but would like to raise a question 
concerning the way in which the clinical severity of the disease was 
assessed. The scoring system would seem capable of separating 
patients with recent acute cholecystitis from those with chronic 
cholecystitis who have not had a recent attack, but it would seem in- 
capable of reflecting various degrees of severity of recently un- 
complicated chronic cholecystitis, the usual kind of patient undergoing 
elective surgery. 

For example, 5 of the 6 variables— tenderness, nonvisualization, 
left shift of the differential, previous acute cholecystitis, fever, or in- 
creased white count—are related to previous acute cholecystitis, 
and would amplify its significance in the calculations, whereas pa- 
tients with biliary colic without these findings, if they had only been pain 
free for over a week, would score zero no matter how frequent 
or severe their pain had been. 

Thus the clinical scoring system skews the patient distribution to 
the left. Six patients scored zero, 9 patients each scored one and two, 
and all of these patients were symptomatic, not asymptomatic. Thus 
24 (65%) of the 37 patients were assigned scores on the very lowest 


— part of the scale. 


The conclusion that clinical findings are of limited usefulness in 
estimating the extent of changes in the gallbladder is undoubtedly 
valid. However, this scoring system suggests that the main reason is 
that advanced histologic changes are frequent in asymptomatic or 
mildly symptomatic patients; in other words, those with the lowest 
clinical scores. General experience indicates that the discrepancy is not 
one-sided, that patients often have symptomatic gallstone disease with 
relatively normal histologic findings. This is compatible with the general 
belief that in chronic cholecystitis attacks of biliary colic represent 
transient obstruction of the cystic duct by a stone, and this event 
does not necessarily involve inflammation or any other findings poten- 


tially visible to the pathologist. 


I would like to raise two questions. How many of these patients did 
have acute cholecystitis within 8 weeks or so of the operation? 
And have attempts been made to revise this clinical scoring system to 
more accurately reflect the symptoms in some of the other symptomatic 
patients who were scored low? 

I would like to mention that there have been previous efforts to 
correlate the symptoms of gallbladder disease with the histological 


d 
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findings, and I am reminded of the excellent studies by Edlund (Acta 
Chir, Scand. 116:450, 1958/1959). He found two populations of patients 
with chronic disease. One he called primary chronic cholecystitis, and 
the other, secondary chronic cholecystitis. The former group was 
characterized by little scarring, no previous attack of acute chole- 
cystitis; they were younger, the gallbladder usually visualized on 
cholecystography, and it was usually thin-walled histologically. These 
were the patients who were most likely to have persistent symptoms 
after cholecystectomy. Patients with secondary chronic cholecystitis 
had opposite findings, usually as the result of a previous attack of 
acute cholecystitis. 

Dr. Nahrwold and his coworkers found that the histology cor- 
related with alterations in the electrical physiology of the mucosa, and 
that both of these correlated fairly well with the presence or absence 
of visualization of the gallbladder on oral cholecystography. Clinical 
finidngs, according to their scoring system, correlated poorly with the 
other parameters. His conclusions have been persuasively presented, 
and, except for some minor reservations about the clinical assessment, 
I find this an interesting and significant contribution to our understand- 
ing of gallbladder disease. 


Dr. Davip L. NAHRWOLD (Closing discussion): There was some 
concern on everyone’s part as to whether the electrical measurements 
actually reflect gallbladder absorptive capability. In addition to measur- 
; ing the short circuit current, one is able with this chamber to put 
“isotopes on one side or the other, and to correlate the changes in 
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short circuit current with the movement of various isotopes and 
substances across the mucosa under a variety of conditions. While 
this does not show in every instance the mechanism by which 
absorption takes place, we have shown that at least for sodium and 
chloride, the short circuit current does accurately reflect absorption. 

Dr. Moody, we stripped the mucosa from the gallbladder, so that gall- 
bladders were relatively similar in thickness. We did not measure that 
specifically and try to correlate it. 

In terms of how long it takes to get the gallbladder out, etc., we 
used just the fundus of the gallbladder. When we establish that the 
gallbladder indeed needs to come out, we simply divide the fundus 
between clamps and hand it off, so that the operative trauma IS 
minimized prior to the study. 

With respect to cholesterolosis, we have studied one patient with 
cholesterolosis who had no stones. The histologic score was very 
low, and the absorption was very good. 

Dr. Dumont was concerned as to whether short-circuit current 
accurately measures absorption, and, to the extent that we are able, we 
have shown that it does. . 

Dr. Way was concerned about the scoring system, and he is correct. 
The scoring system was, in fact, very much weighted to bring out 
the patients who had abnormal histology. We did this because those 
were the historical events that we could document reasonably well. 
We have gone back and tried to use other clinical parameters, such as 
frequency of attacks, how many attacks, how many years ago they 
started, etc. Those data were obtained, however, in a retrospective 
fashion, and its accuracy, I think, is in question. It did not correlate. 


Carcinoma of the Anus 
OLIVER H. BEAHRS, M.D., STEPHEN M. WILSON, M.D. 


Carcinoma of the anus represents about 2% of cancers of the large 
bowel. From 1950 to 1970, 20@patients were treated for this con- 
dition. Included were 113 patients with squamous cell carcinoma 
(31 perianal), 64 with basaljid squamous carcinoma, 8 with 
Paget’s disease of the anus, 7 with melanoma, 6 with basal cell 
carcinoma, and 6 with adenocarcinoma. Combined abdomino- 
perineal resection was the treatment of choice except for perianal 
lesions; for these, local excision was used most frequently. 
Inguinal node dissection was used infrequently, and it is not pos- 
sible to draw meaningful conclusions from the data. Overall sur- 
vival rates for patients having anal squamous cell carcinoma 
. are similar except when lymphatic invasion is present; then 
basaloid lesions have a significantly better prognosis. For rare anal 
carcinomas, histopathologic findings dictate the end results— 
the better the findings the more satisfactory the results. 


ARCINOMA of the anus can be conveniently separated 
C into the more common lesions, such as squamous 
cell carcinoma and basaloid squamous carcinoma, and the 
rare lesions, such as Paget's disease of the anus, mela- 
noma, adenocarcinoma, and perianal basal cell car- 
cinoma. Squamous cell and basaloid squamous carcinoma 
comprise approximately 2% of all lesions of the colon, 
rectum, and anus.? Over a 20-year period (1950 to 1970); 
the Connecticut Registry found that only 200 cases of 
squamous cell carcinoma of the anus had been reported 
by the 31 participating hospitals, testifying to the infre- 
quency of this lesion.? The remaining lesions comprise 
only 1% of all carcinomas of the anus. 

Because of the various therapeutic modalities that are 
available and the lack of certain knowledge concerning 
the proper application of these procedures, this review 
was undertaken with the express purpose of comparing 
and contrasting the histopathologic aspects of the two 
commonly occurring carcinomas as well as delineating the 
most appropriate treatment and reporting the results. 
Controversy has arisen concerning the nature of basaloid 
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squamous carcinoma in relation to squamous cell car- 
cinoma,5 and because of this a comparative analysis of 
these two types comprises the main portion of this re- 
view. On the basis of the results obtained, a more 
thorough understanding of the types of therapy most 
appropriate for these lesions can be achieved. Subse- 
quently the four types of rare lesions are discussed, 
simply detailing presentation, type of treatment, and 
therapeutic results. Due to the rarity of these lesions no 
worthwhile statistical data could be generated. 


Methods and Materials 


This retrospective review comprises 204 patients who. 


were treated for carcinoma of the anus from 1950 to 1970. ' 


The following histologic types are included: squamous 
cell carcinoma (113), basaloid squamous carcinoma (64), 
Paget's disease of the anus (8), melanoma (7), basal cell 
carcinoma (6), and adenocarcinoma (6). Because ot the 
histologic configuration of these tumors and the rarity of 
the diagnosis in the early portion of this series, the histo- 
logic aspects of all squamous cell carcinomas and basaloid 


squamous -carcinomas--were —eviewed. Lesions that 


showed characterization were classified as “squamous 
cell carcinomas"; those demonstrating basaloid transi- 
tional cell changes were classified as ‘‘basaloid squamous 
carcinomas.” At least 20 lesions originally thought to be 
squamous cell carcinomas were found to be basaloid 
squamous carcinomas. Included in this series as basaloid 
squamous carcinomas are cloacogenic carcinoma, basa- 
loid carcinoma, and transitional cell carcinoma o£ the 


anus.* The lesions were classified further according to ) 


their location in relation to the dentate line. If a lesion 
involved the dentate line it was classified as ‘‘anorectal.’’ 
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TABLE 1. Vital Statistics 
Squamous Basaloid 
cell squamous 
carcinoma Perianal carcinoma P* 
Total no. pt 113 3l 64 
Male 37 I2 18 NS 
Female 76 19 46 NS 
Age, year 
Average 56.2 22.9 59.7 NS. 
Range 27-81 27-72 40-80 


* For purposes of later statistical comparison of squamous cell carci- 
noma and basaloid squamous carcinoma, a P value for the distribution 
of these lesions was calculated. In subsequent tables it will be reported 
oniy when significant. NS = not significant. 


Those lesions that were inside or on the anal verge but 
did not encroach on the dentate line were classified as 
“anal canal lesions.” Carcinomas arising outside the anal 
verge but within a radius of 5 cm of the anus were classi- 
fied as ''perianal lesions." Of the 113 squamous car- 
cinomas, 58 were anorectal lesions, 24 were anal canal 
lesions, and 31 were perianal lesions. Of the 64 basaloid 
squamous carcinomas, 53 were anorectal and 11 were anal 
canal lesions. No basaloid squamous carcinomas oc- 
curred in the perianal region, but because previous 
studies? showed that perianal squamous carcinomas 
tended to be less invasive than their anal counterparts, 
it was necessary to include them as a separate category 
for analysis of both histopathologv and results of treat- 
ment. 


Clinical Characteristics 


Among the 204 patients with squamous cell carcinoma 
or basaloid squamous carcinoma, women, mainly in the 
fifth and sixth decades of life, predominated 2:1 (Table 


«7 1). Symptoms usually were associated with benign anal 


conditions (Table 2), the most common being bleeding, 
pain, and anal mass. The only symptom that was not found 
commonly in both groups was anal pruritus. This was 
found more frequently among patients with squamous cell 
carcinoma, probably because of the inclusion in this group 
of patients with perianal squamous cell carcinoma. Of the 
31 patients with perianal lesions, 17 had pruritus ani. 

To aid in predicting survival, duration of symptoms 
before operation was recorded (Table 3). 

Benign anal conditions were frequent among these pa- 
tients. Seventy-five of these conditions were found in 56 
patients with squamous cell carcinoma whereas 28 minor 
anal complaints were found in 21 of the patients with 
basaloid squamous carcinoma (Table 4). 


Histopathologic Aspects 


« As previously mentioned, in each case the pathologic 
^ diagnosis was reviewed and reclassified for this study. 
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TABLE 2. Symptoms of Anal Carcinoma 





Squamous Basaloid 

cell squamous 

Symptom carcinoma Perianal carcinoma 
Bleeding 50 9 32 
Pain 41 5 17 
Mass 27 5 16 
Constipation 11 1 10 
Diarrhea 3 0 7 
Pruritus* 22 17 l 
Other 16 6 12 
Asymptomatic 25 6 14 


* P = «0.001. Differences not significant for other lesions. 


The lesions were measured in greatest diameter when- 
ever possible. When these data were unavailable, a clini- 
cal estimation of the size of the lesion was accepted 
(Table 5). 

In order to be comparable, the lesions must be similar 
in depth of invasion (Table 6). However, the importance 
of this classification is diminished because many lesions 
were not available for complete pathologic study owing 
to the method of treatment (that is, nodes were not 
removed). 

The other criterion of malignancy most often used is 
Broders' classification (Table 7). Most lesions were grade 
2 or 3. 


Results of Treatment 


If the perianal squamous carcinomas are segregated 
from the squamous cell carcinomas of the remaining 
portion of the anus, the distribution, grade of malig- 
nancy, and depth of invasion differ only slightly from 
those of basaloid squamous carcinoma. Consequently, 
on these bases, the survival of patients with anal 
squamous cell carcinoma and those with basaloid 
squamous carcinoma can be compared. 

Treatment varied widely (Table 8), but the most fre- 
quently employed modalities were combined abdomino- 
perineal resection and local excision. These operative 
measures often were combined with irradiation although 
occasionally radiation therapy was used alone. 

Because perianal squamous carcinomas differed so 
greatly histopathologically and in the therapy emploved, 
their inclusion with the primary group of carcinomas 
would have greatly biased the survival data in favor of 


TABLE 3. Duration of Symptoms Before Operation . 


Squamous Basaloid 

cell squamous 

Time carcinoma Perianal carcinoma 
Asymptomatic 25 6 13 
<3 mo 28 8 24 
3 to >3 mo 60 17 d 
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TABLE 4. Benign Anal Pathologic Conditions Associated 
With Anal Carcinoma 


Squamous Basaloid 

cell squamous 

Diagnosis carcinoma Perianal carcinoma 
Fistula in ano 8 0 2 
Fissure 3 0 2 
Condyloma 3 0 2 
Leukoplakia 10 6 1 
Hemorrhoids 47 12 18 
Actinodermatitis 4 2 3 
Total 75 20 28 


squamous cell carcinoma of the anus. Therefore, as sug- 
gested previously, these lesions were analyzed 
separately. 

Perianal squamous carcinomas like squamous cell car- 
cinomas occur in the integumentary system throughout 
the body. Of 28 patients with superficial lesions, 27 
were treated mainly by wide local excision; the one ex- 
ception was treated by radiation. Many of the wide local 
excisions were accompanied by skin grafts. All 27 patients 
who underwent local excision survived 5 years. The re- 
maining three patients had infiltrative squamous cell 
carcinoma and were treatment failures after radiation 
as was the one patient with an apparently in situ lesion who 
was treated with radiation. The survival rates for the 
patients with these lesions can be found in Tables 9 and 10. 

Also evident is the fact that long-term survival rates 
in cases of basaloid squamous carcinoma were nearly 
identical to those in cases of squamous cell carcinoma 
(Table 9). Again, when these anal lesions were compared 
on the basis of extent of invasion (Table 10), survival 
rates were similar to those of patients with superficially 
invasive lesions or those involving muscle, underlying 
sphincter mechanism, or perirectal fat. However, when 
lymphatic metastasis had developed, a significant dif- 
ference in survival was found and favored basaloid 
Squamous carcinoma. 

In analyzing the therapeutic value of each procedure, 
the numbers of patients treated by each modality, with 
the exception of combined abdominoperineal resection 
and local excision, were too small for statistical analysis. 
However, comparison of the results of the two operations 


TABLE 5. Distribution of Tumors According to Size 


Squamous Perianal Basaloid 
cell squamous squamous 
carcinoma carcinoma carcinoma 
Size (cm) (113) (31) (64) 
<1 19 7 6 
1- «3 43 15 21 
3—«5 24 4 18 
$55 27 5 19 
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TABLE 6. Depth of Invasion 


Squamous Perianal Basaloid 
cell squamous squamous 
carcinoma carcinoma carcinoma 
(82) (31) (64) 
In situ or superficial invasion 21 27 14 
Muscle and/or fat invasion 
Nodes negative 40 4 28 
Nodes positive 15 21 
Unresectable lesions 6 ] 


used most frequently for treatment of basaloid squamous 
carcinoma and of squamous cell carcinoma showed them 
to be essentially the same (Table 11). Because of this 
similarity and the infrequent use of the other procedures, 
analysis of the modalities of therapy was undertaken by 
combining the results of treatment of squamous cell 
carcinoma with the results of treatment with basaloid 


. squamous carcinoma (Table 12). The other factor making 


comparison of therapeutic modalities difficult in this series 
was that each type of treatment was applied at widely 
different stages of tumor development. Local incision was 
not often applied to infiltrating lesions, making a simple 
comparison of treatment modalities less than ideal. There- 
fore the simple survival statistics are provided (Table 12). 

In addition to survival rates, some information can be 
accrued by analyzing the effectiveness of surgical pro- 
cedures in eradicating local disease. In spite of the dif- 
ference in the stage of disease being treated, radical 
resection (combined abdominoperineal) showed much 
better results than local excision or radiation (Table 13). 
Ten patients who were treated initially by local excision 
later had a local recurrence and were treated by combined 
abdominoperineal resection. Seven of these 10 patients 
survived 5 years or more. Because radiation therapy was 
used so infrequently in this series, no worthwhile com- 
parisons can be made. 


Operative Mortality and Morbidity 


Combined abdominoperineal resection was performed 
on 94 patients. Three died, resulting in a mortality rate 
of 3.2%. No deaths followed local excision or radiation 
therapy. Two major complications occurred: a pelvic 


TABLE 7. Broders' Classification 


Squamous Perianal Basaloid 

cell squamous squamous 

carcinoma carcinoma carcinoma 
Grade (82) (31) (64) 
1 6 9 I 
2 18 16 12 
3 48 5 39 
4 10 l 12 
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TABLE 8. Distribution by Type of Treatment 


Squamous Perianal Basaloid 
cell squamous squamous 
- carcinoma carcinoma carcinoma 
Treatment (82) (31) (64) 
Combined abdominoperineal 
resection 47 — 33 
Local excision 10 27 11 
Radiation 9 4 4 
Abdominoperineal 
resection + radiation 2 — 2 
Local excision + radiation 9 — 6 
Abdominoperineal resection 
+ groin dissection 3 — 7 
No treatment 2 — 1 


abscess, eventually leading to death of one patient, and 
pseudomembranous enterocolitis. Two patients died as a 
result of postoperative myocardial infarction. Minor 
operative complications included wound infection in 7 
patients and urinary tract infection in 5. Severe anal 
necrosis developed in one patient after radiation and a 
diverting colostomy was required. 


Inguinal Node Dissection 


Of the 146 patients in this series who had squamous 
cell carcinoma or basaloid squamous carcinoma of the 
anus, 17 (6 with squamous cell carcinoma and 11 with 
basaloid squamous carcinoma) underwent radical lymph 
node dissection of one or both groins. This was done as a 
primary procedure in 10 cases (Tables 8 and 12). In 6 
patients, the lymph nodes contained metastatic disease 
and 4 of the 6 patients survived 5 years or longer. The 
remaining 7 operations were done as secondary pro- 
cedures for recurrent carcinoma in the lymph nodes of the 


"C groin. In all 7 patients the lymph nodes contained 


metastatic disease and none of these patients survived 5 
years. At death, however, none of the patients had 
recurrent disease in the groin. Because this operation was 
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TABLE 9. Overall Survival Rates by Diagnosis 





Squamous Perianal Basaloid 
cell squamous squamous 
carcinoma carcinoma carcinoma 

Survival (82) GD (64) | 
5 Year + SD, % 57.8 + 5.4 74.2 + 7.9 62.9 + 6.1 
10 Year + SD, % 44.4 X 5.7 70.7 + 8.2 47.9 + 6.6 


P « 0.03 for squamous cell carcinoma and basaloid squamous carci- 
noma vs. perianal squamous carcinoma. All other differences between 
groups were not significant. 


used infrequently in this series, it is impossible to draw 
meaningful conclusions for these data. 


Rare Anal Carcinomas 


Four types of unusual anal tumors were treated (Table 
14): Paget’s disease, melanoma, basal cell carcinoma, and 
adenocarcinoma. 

Perhaps the most interesting of these rare lesions is 
Paget’s disease of the anus. In four patients, the lesion 
was In situ and involved large areas of perianal skin. Two 
of these four required reexcision of locally recurrent 
disease. No underlying adenocarcinoma was discovered 
and all four patients survived. In the remaining four pa- 
tients the lesions were invasive and underlying adeno- 
carcinoma was found. In spite of radical resection, 
no patients were long-term survivors. 

Malignant melanoma is a high-grade invasive lesion, 
which, seemingly, does not respond to any form of 
therapy. All six patients in this series died of widespread 
metastasis, usually involving the liver and the bones. 

Basal cell carcinoma of the anus, like its counterparts 
elsewhere in the body, is a low-grade malignancy that 
can be cured by wide local excision. Six patients in 
this series had such lesions. 

Only 6 patients were found to have adenocarcinoma. 
No lesions arising from the dentate line were included 
because they cannot be distinguished from rectal car- 


TABLE 10. Survival Rates by Invasion of Disease 





Extent of invasion 


Muscle and/or fat, Muscle and/or fat, 





Superficial nodes negative nodes positive* 

Tumor cell type 5 yr + SD 10 yr x SD 5yr x SD 10 yr + SD 5 yr + SD 10 yr x SD 
Squamous cell B 

carcinoma, % 90.9 + 6.1 79.0 x 9.5 57.5 + L8 40.1 + 8.0 31.8 + 12.4 — 
Basaloid squamous 

carcinoma, 96 78.5 + 11.0 63.5 + 9.6 51.8 + 9.6 44.1 + 9.6 70.0 + 10.2 52.6 + 11.6 
Perianal squamous 

carcinoma, 96 82.1 + 7.2 78.3 + 7.8 — — — — 





* Differences between groups were not significant except for anal squamous cell carcinoma vs. basaloid squamous carcinoma when nodes were 


positive: 5 yr, P « 0.02; 10 yr, P « 0.001. 
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TABLE 11. Survival Rates by Treatment * 


tM D E EE E a d e BEER ARR EE AAAA aaaea 


Squamous cell carcinoma 


Treatment No. 5 yr + SD, % 10 yr + SD, % No. 5 yr € SD, % IO yr + SD, % 
Combined abdomino- 
perineal resection 47 57.4 + 7.2 39.8 + 7.5 33 66.7 + 8.2 49.5+ 3.1 
Local excision 10 `- 80.0 + 12.6 80.0 + 12.6 11 90.9 + 8.6 79.5 + 13.2 


Basaloid squamous carcinoma 


* At both 5 and 10 years, differences between groups were not significant. 


cinoma. Wide excision was curative in one case of peri- 
anal adenocarcinoma, but otherwise the lesions proved to 
be refractory to attempts at curative resection. 


Discussion 


Although anal carcinoma is an unusual disease, several 
of these lesions probably will be encountered in the course 
of an active surgical practice. They are difficult to diag- 
nose in the early stages because frequently the symptoms 
are characteristic of hemorrhoids and other benign anal 
conditions.!?!? Indeed, these benign lesions frequently 
accompany malignant lesions. 

Perianal lesions were separated from those carcinomas 
of the anus occurring in the anal canal and at the anorectal 
junction. It has become a well-established fact? that these 
lesions do not invade underlying structures as frequently 
nor do they metastasize to lymph nodes as readily as do 
the more centrally located lesions. These facts must 
certainly account for the prolonged survival of patients 
with these conditions who are treated by wide local ex- 
cision. However, when invasion of the underlying struc- 
tures has occurred, more radical operative therapy is indi- 
cated. — 

Although most authors are of the opinion that there is 
no difference in the survival pattern after treatment of 


TABLE 12. Survival Rates by Treatment 


Combined squamous cell and basaloid 
squamous carcinoma 


Survival rates, 96 


No.of Syr+SD, 10yr + SD, 
Treatment patients % % 
Combined abdominoperineal 
resection 80 60.7+ S.S 43.34 5.8 
Local excision 21 83.3 + 7.6 77.42 9.1 
Radiation ! 13 18.2 + 11.6 9.1 x 8.7 
Abdominoperineal resection 
4- radiation 4 — — 
Local excision 4- radiation 15 71.4 + 12.1 64.3 + 12.8 
Abdominoperineal resection 
+ groin dissection 10 70.0+14.5 43.8 + 17.5 
No treatment 3 — 


squamous cell carcinoma and basaloid squamous car- 
cinoma,?^!? there is some evidence to the contrary.®’ For 
this reason the foregoing careful separation and analysis of 
these tumors by type and location were undertaken. The 
overall survival rates of patients having anal squamous 
cell carcinoma and those having basaloid squamous car- 
cinoma are similar statistically, especially when invasion 
by the tumor is superficial. However, when no lymph node 
metastasis had occurred, patients with basaloid squamous 
carcinoma fared better than patients with squamous cell 
carcinoma (Table 10). 

The effects of therapeutic modalities on survival are 
more difficult to compare because of the application of 
multiple types of treatment at various stages of disease. 
A comparison of the more frequently used modalities, that 
is, combined abdominoperineal resection and local ex- 
cision, showed that survival rates for both groups of 
patients are similar. The analysis of the therapeutic en- 
deavors themselves is also difficult for the foregoing 
reasons. However, in deciding to use local excision for 
diseases in the anal canal one must bear in mind the high 
incidence of recurrence associated with this treatment 
(Table 13). It is true that several of the patients initially 
treated by local excision were later cured of their re- 
current disease by a more radical operation, but many 
were not. Certainly the safest overall approach to these 
lesions is combined abdominoperineal resection. Local 
excision must be reserved for those rare small lesions 
that do not involve the underlying anal musculature. 

Although very successful in some cases, radiation" did 
not prove to be beneficial in this series. It must be re- 
membered that this treatment was usually used for those 
patients with advanced lesions and therefore the results 
are as one would expect. 

The exact use that can be made of radical groin dissec- 
tion continues to be an enigma.*!* Prophylactically, this 
modality does not seem to have any use. The only state- 
ment that can be made from the current study is that 
the presence of metastasis to the lymph nodes of the 


b 


~ 


groin does not preclude cure in and of itself. Therefore, . 


careful application of radical groin dissection seems 
indicated in selected cases. 
The results of treatment of the rare lesions of the anus 
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TABLE 13. Incidence of Local Recurrence 
Squamous cell carcinoma Basaloid squamous carcinoma Total 
Treatment No. treated Recurrences No. treated Recurrences No. treated Recurrences 
Combined abdominoperineal 
resection 47 10 33 5 80 195^" 
Local excision 10 4 11 5 21 9* 
Radiation 9 it 4 4t 13 5 
Abdominoperineal resection 
+ radiation 2 I 2 0 4 1 
Local excision -- radiation 9 3 6 1 15 4 
Abdominoperineal resection 
+ groin dissection 3 Z 7 0 10 2 
* The combined abdominoperineal resection was significantly better than local excision: P « 0.04. 
+ The differences between groups were not significant except for radiation therapy: P < 0.01. 
TABLE 14. Rare Ánal Tumors 
No. of Age range, No. of 5-yr 
Type patients yr Location Invasiveness Grade Main treatment survivors 
Paget's disease 8 44-75 Perianal In situ (4) 2—4 Local excision 4/8 
Infiltrative (4) Combined abdomino- ' 
perineal resection 
Melanoma 7 49—77 Dentate line Infiltrative Combined abdomino- 0/7 
perineal resection 
Basal cell carcinoma 6 40-80 Perianal In situ 1-2 Local excision 5/6 
Adenocarcinoma 6 18-53 Perianal (3) Locally invasive 3—4 Combined abdomino- 1/6 


Anal canal (3) 


speak for themselves. Basal cell carcinoma involving the 
anal skin is similar to the same lesions occurring else- 
where in the integumentary system. As has been the ex- 
perience of other authors,? melanoma is a highly malignant 
disease proving fatal in all cases. Adenocarcinoma of the 
anus together with Paget's disease in the dermal region 
can be cured on occasion. However, Paget's disease that 
is not related to an underlying carcinoma is curable by 
wide local excision. It may be necessary to excise these 
lesions repeatedly as recurrences develop. 


Conclusions 


Our study of carcinoma of the anus has led us to con- 
clude that squamous cell carcinoma and basaloid squa- 
mous carcinoma have similar clinical characteristics. 
The overall survival rates for patients having anal squa- 
mous cell carcinoma and those having basaloid squamous 
cell carcinoma also are similar. When lymphatic metasta- 
sis has occurred, patients with basaloid squamous car- 
cinoma have a more favorable prognosis than those af- 
flicted by squamous cell carcinoma. Perianal squamous 
carcinoma has an excellent overall survival, which pre- 
cludes its analysis with anal squamous cell carcinoma. 


perineal resection 


Combined abdominoperineal resection continues to 
produce the most favorable results in the treatment of 
anal carcinoma. In extremely rare anal carcinomas, the 
histopathology rather than the therapeutic modality 
dictates the end results in terms of survival. 
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DISCUSSION 


Dr. CLAUDE E. WELCH (Boston, Massachusetts): We see at the Massa- 
chusetts General Hospital about one fourth of the number of cases seen 
at the Mayo Clinic. I am indebted to a previous report by the 
late Dr. Richard Sweet, and also to a recent unpublished series of statis- 
tics by Drs. Ronald Malt and John Welch on this same subject for the 
few comments that I will make. 

I'd like to confine them to three points, one on basaloid versus 
squamous carcinoma; second, on prophylactic versus therapeutic node 
dissection; third, on radiation therapy. 

So far as basaloid carcinoma is concerned, a number of years ago, 
when this was first described, it was considered to be a very serious 
and dangerous lesion. Times have changed, and we are fully in agree- 
ment with what Dr. Beahrs has said today, tha: the ultimate 5-year 
survival rate is the same for that as it is for squamous carcinoma. On 

‘the other hand, it is possible, as his figures have shown, that there may 
be a greater number of metastases from the basaloid, and perhaps a 
greater possibility of 5-year survival, even if the nodes are involved with 
basaloid tumors. 

On the second point, of prophylactic versus therapeutic dissection 
of the regional lymph nodes, we were led to the same conclusion that 
he was, on the basis that the prophylactic dissection often leads to 
severe disability. This young patient had a squamous cell carcinoma of 
the anus (Slide). He had a bilateral, deep and superficial groin dissec- 
tion. You can see the very marked edema of his thighs, which was 
much more so when he attempted to work. He was a casualty from the 
point of view of being a productive citizen. We have, therefore, 
eschewed prophylactic groin dissections on the basis that they produced 
more disability rather than less. 

The third point that I would like to make concerns the value of x-ray 
therapy. (Slide) I think that we have not analyzed this as well as we 
might, I'm sure that all the surgeons here in the audience would agree 
that this very advanced case is a wonderful one for radiation therapy. 
On the other hand, I’m not sure that we have given the radiation 
therapists due process in this controversy. On the other hand, our 
figures agree exactly with what Dr. Beahrs has said; namely, that the 
only good results that have been obtained in our series have been by 
radical combined abdominoperineal resections and that radiation 
therapy has not been valuable. 
` However, in the last few years there have been radiation techniques 
developed that are gar different. His series ended in 1970. I hope that he 
will comment in closing upon any thoughts he may have as to whether or 
not these new techniques really add anything now for what may be rather 

. small lesions in the perianal area or in the anorectal area, for whom 

we really hate to do these deforming operations if we can avoid it. 


Dr. J. SHELTON HonsrEv, IN (Charlottesville, Virginia): We 
reviewed records of our patients over a period of 25 years and found only 
26 cases of epidermoid carcinoma of the anus. However, a very industrious 
surgical resident, Dr. Gerald Golden, looked at the world literature 
since 1900 and reported over a thousand patients, to which Dr. Welch 
has just alluded. Our results with epidermoid carcinoma of the anus in 
Charlottesville are very similar to those of Dr. Beahrs. The review of 
the literature further confirmed these findings. 

There are several points that 1 would like to make. First of all, it is 
appalling to see what a long delay occurs before the diagnosis is made. 
People who have chronic anorectal complaints, and people who have 


BEAHRS AND WILSON 


Ann. Surg. e October 1976 


12. Richards, J. C., Beahrs, O. H. and Woolner, L. B.: Squamous Cell 
Carcinoma of the Anus, Anal Canal, and Rectum in 109 Patients. 
Surg. Gynecol. Obstet., 114:475, 1962. 

13. Sinclair, D. M., Hannah, G., McLaughlin, I. S., et al.: Malignant 
Melanoma of the Anal Canal. Br. J. Surg., 57:808, 1970. 

i4. Stearns, M. W., Jr. and Quan, S. H. Q.: Epidermoid Carcinoma of 
the Anorectum. Surg. Gynecol. Obstet., 131:953, 1970. 


chronic anorectal disease, should be looked at with a high index of 
suspicion, if one is going to make an early diagnosis of this disease. 

Secondly, as regards local excision, only those patients with epi- 
dermoid carcinoma which was located at the anal verge, well differen- 
tiated, and small (under 2 cm) should be considered for local excision. 
The primary treatment of the vast majority of these lesions, all cf the 
epidermoid carcinomas located in the anal canal, is abdominoperineal 
resection with wide margins locally around the lesion. 

The third point I would like to make is that we could find no evidence 
to support prophylactic inguinal node dissection. We advocate that these 
patients have wide abdominoperineal resection and be followed closely. 
When we looked at the literature of slightly over a thousand cases, we 
found that the results were much better in those that had metachronous 
inguinal metastases than those that were noted to have synchronous 
groin metastases. Certainly, all patients should be followed closely. 
If the patient develops palpable inguinal nodes, then, and only then, 
should he have a groin dissection. 


DR. OLIVER H. BEAuRS (Closing discussion): The 204 cases were 
seen over a 20-year period, from 1950 to 1970, and we were happy to 
note, in review of these, as already commented upon, that the basaloid 
lesion proved not to be as serious as previously thought, and surpris- 
ingly so when lymph nodal metastases are present. Survival is much 
better in the basaloid group than the squamous cell group when lym- 
phatic spread has occurred. 

As far as x-ray therapy is concerned, the results when used in some 
of these cases proved not to be satisfactory. In one case, where the 
lesion was strictly superficial, radiation treatment failed. 

There are new techniques of radiation therapy, and, in time, very 
likely these techniques may lead to the use of this modality in the 
management of these lesions more frequently than in the past. These 
lesions are located anatomically where the anal sphincters are, and 
radiation therapy possibly might lead to incontinence, which would 
decrease the quality of life, as far as the patient is concerned. 

Delay in the diagnosis of these lesions probably is due to the fact that 
a cancer is not thought of frequently enough as a possible cause of 
symptoms. Hemorrhoids did coexist in a large number of these patients, 
and I think many of these lesions at first are misinterpreted clinically 
as to their underlying character. 

There is difficulty in establishing a correct clinical stage of z lesion 
in this region, as well as in other anatomic areas. If the error is made 
where an infiltrating lesion is in fact present, rather than a superficial 
or in situ lesion, the patient's outlook is not as good as it would be 
otherwise if the lesion is treated conservatively. 

Any lesion, as Dr. Horsley implied, that is at the anal verge cr in the 
anal canal should be treated by combined abdominoperineal resection. 
However, lesions at the anal verge or external to it in the perianal 
area, as the information presented supports, can be treated by local 
excision. 

Lastly, prophylactic node dissection: It's interesting to note that of 6 
patients who had positive nodes at the time that the elective groin 
dissection was done for the treatment of the primary lesion, 4 survived. 
It has been said that when positive groin metastases are present, no 
patient survives. This was certainly true in the patients treated sub- 
sequently when clinical lymph nodal metastases were present. 

However, the experience in this group of 204 patients is inadequate, 
really, to establish firmly whether or not a prophylactic node dissection 
is justified or not; but my personal feeling would be that one should 
be very cautious in using it, and only in selected cases. 






New! Versatile documented 


The properly informed patient is less frightened, more 
cooperative and perhaps most important, less likely to 
sue. PAVIS (Patient Audio Visual Information System) is 
a complete audio visual library covering 20 of the most 
common general surgical operations and procedures. 
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“properly inform’ your surgical patients. 


Each unit consists of a 20 minute audio tape cas- 
sette in a durable vinyl album which contains related 
anatomic diagrams. Important background informa- 
tion upon which the surgeon can individualize is 
presented. The patient’s medical condition, the 
reason for surgery, alternatives and risks, pre and 
post-op care and the operation itself are covered. 
The language and delivery are authoritative yet 
reassuring. 

Use It Anywhere 

The patient listens to the cassette on a simple in- 
expensive tape player and refers to the pictures and 
text in the album. PAVIS is so easy to use, the patient 
can be informed at the hospital, in your office, even 
at home! No special equipment or personnel needed. 
Full Documentation 

PAVIS helps you document “informed consent.’ 
Entries are made in your office records or on the 
patient’s hospital chart indicating that the program 
was ordered and administered. The content of the 
program serves as a valuable permanent record. 
Saves You Time 

Proper, full explanation is time-consuming but 
necessary. PAVIS gives the background information 
upon which you can individualize. Complete patient 
understanding can now be achieved with only a 

few minutes of your valuable time. 

Low Cost 

The complete PAVIS general surgical library costs 
only $600 for all 20 programs! (Individual units $35 


each). We would like you to see the PAVIS program 
for yourself. Let your colleagues and other profes- 
sionals look it over. If you will call the toll-free 
number below we will give you full details on how 
you can get acomplete sample program. 


1-800-633-8632 


Alabama residents call collect 871-6681 


PAVIS General Surgical Library 
101 Anesthesia 

102 Exploratory Surgery — Laparotomy , 
103 Cholecystectomy — Gall Bladder Surgery 
104 Gastrectomy — Stomach Surgery 

105 Duodenal Ulcer Surgery 

106 Small Bowel Surgery 

107 Appendectomy 

108 Colon Surgery —Tumors 

109 Colon Surgery — Diverticulitis 

110 Rectal Surgery —Tumors 

111 Hemorrhoidectomy 

112 Anal Surgery —Fissures and Fistulas 
113 Pilonidal Cystectomy 

114 Hernia Surgery —Inguinal & Femoral 
115 Hernia Surgery —Umbilical & Ventral 
116 Varicose Vein Surgery 

117 Breast Surgery 

118 Thyroid Surgery —Nodules 

119 Thyroid Surgery — Hyperthyroidism 
120 Recovery Room & Intensive Care Unit 


Call now! 
Toll-Free 


P.O. Box 566 
Leeds, Alabama 35094 
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An initial loading dose of 1to 2 Gm. 
of Keflin may be given regardless 
of the patient's renal status. 
Patients with impaired renal 
function should be placed on 
a reduced dosage schedule. 
Usual doses in such 
individuals may result 
in excessive serum 
concentrations. 


In the immunosuppressed Patient, 
i usual clinical signs and symptoms 
| of infection may be missing or 


; not clear. Hence, diagnosis and 
m, 72 initiation of proper therapy 
K become most urgent. 


Keflin may be administered 
I.V. or I.P. in dosages as 


C TK: high as 12 Gm. per day 
eA (in life-threatening 


: e infections). 


A 
£. 
f 





Mean serum concentrations 
after I.V. administration of Keflin 
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*Skin and soft-tissue infections, including 
peritonitis, caused by susceptible strains of 
staphylococci (both penicillinase and 0 
nonpenicillinase-producing), group A 15 30 45 60 
beta-hemolytic streptococci, Escherichia 


90 120 
coli, Proteus mirabilis, and Klebsiella. Time (Minutes) 


tAdministered to six patients by rapid I.V. infusion. 


Please see opposite page for | 
t Administered to ten patients over a thirty-minute period. summary of prescribing information 


In Serious skin and soft-tissue infections * 


FTEN USEFUL 
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WHEN MOST NEEDED 


As you know, skin anc soft-tissue infections * including 
peritonitis, may progress with alarming rapidity in patients 
with impaired host defenses...even to the point of becoming 
irreversible. Keflin can often be useful before the infection 
becomes irreversible...exactly when it is most needed. 

Eleven years after its introduction, Keflin continues to be 
effective against most strains of gram-positive and gram- 
negative organisms commonly implicated in serious skin 
and soft-tissue infections* Therefore. when you suspect that 
the pathogen involved is one of the susceptible organisms 
for which the drug is indicated in skin and soft-tissue 
infections * you may begin therapy with Keflin even while 
results of susceptibility studies are pending...and thus save 
precious hours for the patient. Keflin may be administered 
to infants and to patients with reduced renal function. 

Keflin should be given cautiously to penicillin-sensitive 
patients. 

It is contraindicated in persons who have shown hyper- 
sensitivity to cephalosporin antibiotics. 


* Skin and soft-tissue infections. including peritonitis caused by susceptible strains 
of staphylococci (both penicillinase and nonpenicillinase-producing). group A 
beta-hemolytic streptococci. Esch. coli, Pr. mirabilis. and Klebsiella 


æ ® 
mM- 
in 100-ml. ampoule 


cephalothin sodium 
Neutral 


for Injection 


tEquivalent to cephalothin 


Brief Summary. 

Consult the package literature for 
prescribing information. 

Indications: Keflin® (cephalothin sodium 
Lilly), Neutral, for Injection. iS indicated for the 
treatment of serious infections caused by 
susceptible strains of the designated micro 
organisms in the diseases listed below 

Skin and soft-tissue infections. inclucing 

peritonitis, caused by staphylococci (peni 
cillinase and nonpenicillinase-procucing), 
group A beta-hemolytic streptococci 
Escherichia coli, Proteus mirabilis. and 
Klebsiella 
Bone and joint infections caused by 
staphylococci (penicillinase and 
nonpenicillinase-producing) 
Contraindication: Previous hypersensitivity 
to cephalosporins. 
Warnings: BEFORE CEPHALOTHIN 
THERAPY IS INSTITUTED, CAREFUL 
INQUIRY SHOULD BE MADE CONCERN- 
ING PREVIOUS HYPERSENSITIVITY 
REACTIONS TO CEPHALOSPORINS AND 
PENICILLIN. CEPHALOSPORIN C 
DERIVATIVES SHOULD BE GIVEN 
CAUTIOUSLY TO PENICILLIN-SENSITIVE 
PATIENTS. 

SERIOUS ACUTE HYPERSENSITIVITY 
REACTIONS MAY REQUIRE EPINEPHRINE 
AND OTHER EMERGENCY MEASURES 

There is some evidence of partial cross 
allergenicity of the penicillins and the 
cephalosporins. Severe anaphylactoid 
reactions have been reported with both drugs 

Patients with allergy and hypersensitivity 
should receive antibiotics cautiously and 
only when necessary 

Usage in Pregnancy — Safety for use during 
pregnancy has not been established 
Precautions: Patients should be followed 
carefully to detect any side-effects or drug 
idiosyncrasy. If an allergic reaction occurs 
discontinue the drug and treat the patient with 
usual agents 

Although alteration in kidney function Is 
rare. evaluation of renati status IS recom- 
mended. Patients with impaired rena! func 
tion should be placed on a reduced dosage 
schedule to prevent excessive serum con 
centrations. Consult prescribing information 

If thrombophlebitis or superinfection 
occurs. take appropriate measures. A false 
positive reaction for glucose in the urine has 
been observed with some tests but not with 
Tes-Tape" (urine sugar analysis paper. Lilly) 
Adverse Reactions: Maculopapular rash. 
urticaria. pain, induration, tenderness, eleva 
tion of temperatufe, reactions resembling 
serum sickness, anaphylaxis, eosinophilia 
drug fever, neutropenia, thrombocytopenia 
hemolytic anemia, thrombophlebitis transient 
rise in SGOT and alkaline phosphatase, rise 
in BUN. decreased creatinine clearance, and 
a positive direct Coombs test have been 
reported [1114758 


Additional information available to the 
profession on request 
‘ Eli Lilly and Company 


= Indiananolic Indiana 46206 
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PRESERVE and PROTECT 
YOUR COPIES OF 
ANNALS of SURGERY 


Now, your journals can become a hand- 
some addition to your professional library. 


These file boxes are designed and cus- 
tom-made to keep your copies orderly, 
readily accessible and clean. 


Durable book-binder’s board covered 
with scuff-resistant, washable Leathertex. 
Lettering embossed in 23-Karat gold leaf. 


Jesse Jones Box Corp. (since 1843) 
Dep’t. JBLA—Phila., Pa. 19141 


Gentlemen: Kindly send me: 

Reasonably priced, too. Only $4.95 ea. O 
3 for $14.00 O 6 for $24.00 O 

Add $1.00 postage per file for orders outside the U.S. 


[] Check enclosed (Make check payable to: 
Jesse Jones Box Corp., Box 5120, Phila., Pa. 
19141) 


Name — ———————— 
Address OC err acħĂ— 
City/State/Zip esis nice escent pcg ts 


Shipped postpaid U.S. only. Satisfaction unconditionally 
guaranteed or your money back. 


DEXON” polyglycolic acid suture 
Complete Product Information 


DESCRIPTION DEXON polyglycolic acid 
Suture, Synthetic, Absorbable, USP is a homo- 
polymer of glycolic acid. The sutures are sterile, 
inert, noncollagenous, nonantigenic, nonpyro- 
genic, flexible, and braided. They are colored 
green to enhance visibility in tissue and are also 
available undyed, with a natural beige color. They 
are uniform in size and tensile strength, but are 
smaller in diameter than other Absorbable Surgical 
Sutures of equivalent tensile strength. 


ACTIONS When DEXON is placed in tissues a 
minimal tissue reaction occurs, which is followed 
by a microscopic layer of fibrous connective 
tissue which grows into the suture material. 


Animal studies (subcutaneous tissue in rats, rab- 
bits, and dogs) revealed minimal absorption at 7 
to 15 days, significant absorption at 30 days, and 
maximum resorption at 60 to 90 days: 


Tensile strength, not being a function of the ab- 
sorption rate, may vary from tissue to tissue, de- 
pending in part on the rate of hydrolysis. The 
early tensile strength of DEXON is reported to be 
greater than that of comparable chromic catgut. 
In animal studies (subcutaneous tissue in rats) it 
has been shown that at two weeks post- 
implantation approximately 55% of the original 
tensile strength of DEXON remains, while at 
three weeks approximately 20% of its original 
strength is retained. 


INDICATIONS DEXON sutures are indicated 
whenever absorbable sutures and ligatures are 
employed. 

CONTRAINDICATIONS DEXON is contra- 
indicated where extended approximation of 
tissues under strain must be maintained. 


WARNINGS The safe use of this suture in car- 
diovascular and neural surgery has not been 


established. 


Under certain circumstances, notably ortho- 
pedic procedures, immobilization by external 
support may be employed at the discretion of 
the surgeon. 

Do not resterilize. Discard opened, unused 
sutures. 


PRECAUTIONS Acceptable surgical practice 
should be followed with respect to drainage and 
closure of infected wounds. 


Knots with DEXON polyglycolic acid Suture 
must be properly placed to be secure. Therefore, 
place first throw in precise position for final knot, 
using a double loop; tie second throw square us- 
ing horizontal tension; additional throws may be 
used as desired. 

Skin and conjunctival sutures which remain in 
place for periods of longer than seven days may 
cause localized topical irritation and the exposed 
portion of suture may be snipped off after five to 
seven days as indicated. 


ADVERSE REACTIONS Those reactions that 
have been reported include tissue reaction or in- 
flammation, fibrous or granulation tissue, wound 
separation and bleeding, and accumulation of 
fluid around subcuticular stitches. 


DOSAGE AND ADMINISTRATION Use as 
required. 

HOW SUPPLIED DEXON sutures are available 
in sizes 2 through 7-0 dyed (green) and undyed 
(natural), supplied in a variety of cut lengths or 
on ligating reels, non-needled or affixed to the 
various Davis & Geck ATRAUMATIC * needles 
in one and three dozen packages. REV. 4/76 
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DAVIS+GECK 


American Cyanamid Company 
Pear River. N Y 10965 


DAVIS+GECK ° 


DEXON 


polyglycolic acid suture... 
the absorbable suture of choice. 





DEXON suture has 
virtually replaced catgut in 
many hospitals around the 
world. There are good 
reasons why. DEXON elicits 
minimal tissue reaction. It 
absorbs more reliably than 
catgut, with complete 
absorption in 60 to 90 days. 
And it sustains its holding 
power until the wound has 


regained sufficient strength, 
thus greatly reducing the 
chance of wound dehiscence 
and incisional hernia. 
DEXON can be used satis- 
factorily in the presence of 
infection, too. It is approved 
for use in the urinary tract 
and meets all U.S.P. 
standards. DEXON suture is 
available in green or beige. 
In just six years DEXON 
suture has been used in 15 





DAVIS*GECK 


American Cyanamid Company 
Pearl River, N.Y. 40965 


million procedures in over 
60 countries. And it has 
been documented in well 
over 185 published studies. 
DEXON...the absorbable 
suture acclaimed around the 
world for its uneventful 
healing and wound security. 
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It's not a real heart attack. 
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But the limbic system—ana- 
tomical seat of the emotions 
—often can be fooled bya 
false alarm. A normal EKG and an X-ray show- 
ing a distended stomach fundus eventually 
help pinpoint the real problem—G.l. gas and 
severe accompanying pain. 


Gas pain can mimic organic diseases 

Gas pain can produce "limbic heart attacks," 
"limbic gallbladder attacks" or "limbic carci- 
nomas." It can even, in the extreme case of a 
limbic heart attack, be so misleading as to re- 
sult in several days of hospitalization before a 
definitive diagnosis of gas pain is established. 


The vicious cycle of gas pain and fear 

To a patient with severe gas pain, especially 
where there is pre-existing organic disease, an 
initial surge of fear is compounded when at- 
tempts to relieve the pain by deep breathing 
make the chest pain even more intense. This 
process can result in aerophagia, which 
Causes more trapped gas, more pain, more 


Break the gas/pain/panic cycle 


Nora real gallbladder attack. 





anxiety, and even the hyperventilation syn- 
drome. The next stepinthe cycleis familiar to 
every physician—a panic phone call froma 
frightened patient. 


Phazyme® can interrupt the 
gas/pain/panic cycle 

Phazyme, by rapidly dispersing gas in the G.I. 
tract, can interrupt the cycle of pain and fear 
at any point. 

Because the buildup of gas pain is normally 
slow and gradual, taking Phazyme at the first 
sign of gas will usually provide immediate re- 
lief before the pain becomes severe. The outer 
layer of each tablet delivers 20 mg. of specially- 
activated simethicone directly to the stomach 
for rapid dispersion of gas in the upper G.I. 
tract; a protected inner core then delivers 

40 mg. of specially-activated simethicone to 
relieve gas distress throughout the lower G.I. 
tract. The core also releases 240 mg. of pan- 
creatin directly to the small intestine to 
enhance normal digestion and help reduce 
formation of gas. 

No systemic side effects or untoward reactions 
have been reported. And Phazyme has no con- 
traindications other than known allergy to one 
of its ingredients. 


PHAZYME 


And when the aerophagia of chronic anxiety 

results in gas pain: 

PHAZYME®-PB Tablets © 

Containing % grain phenobarbital 

(Warning: may be habit forming.) 

Formula: The outer layer releases in the stomach: specially-activated 
simethicone 20 mg. and phenobarbital (WARNING: May be habit form- 
ing.) 15 mg. The enteric-coated core releases in the small intestine: 
pancreatin, 240 mg., and specially-activated simethicone 40 mg. 
Contraindications: Sensitivity to barbiturates or known allergy to an 
ingredient. 

Phazyme is available in bottles of 50, 100, and 1,000 pink tablets. 
Phazyme-PB is available in bottles of 100 and 1,000 yellow tablets. 


Reed & Carnrick/Kenilworth, N.J. 07033 
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Fostoperative surgical infections 

Valve replacement: a procedure that can at 
once sustain life and predispose to infection. 
Although identification of the infectious 
organism may be difficult, a delay in treatment 
could result in invasion of the endocardium. 

The implicated organism may be a penicillinase- 
producing staph. Progression can be swift 

and devastating. 


Initial antistaph therapy: injection 

It's vitally important that effective treatment of 
bacterial invasion begin as soon as possible. 

If you suspect the presence of staph and must 
begin therapy before definitive culture results 


are known, Injection Unipen" (nafcillin sodium) + 





is a particularly suitable 


Appropriate specima 
studies to determine th 
and their susceptibility 
taken prior to the first d 
those studies subseque 
than penicillinase-prod 
to nafcillin, discontinue 
priate antibiotic. 


Rapid penetration 
Unipen appears rapidl 
intramuscular administ 
in high concentrations 4 
pericardial and synovia 


I» 
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On call” capability 
Reconstitutes in less than 60 seconds. Remains 
able for 24 hours. 


ollow-up therapy: oral 
nipen (nafcillin sodium) is available in tablets, 
apsules, and oral solution as well as the parenteral 
prm. The injectable form should be used initially 
severe infections. And as soon as the clinical 
ondition warrants, oral forms of Unipen allow you 
D continue antistaph therapy with the same anti- 
iotic in a form more convenient to patients. 


afcillin-susceptible penicillinase-producing staphylococci. 
ee Important Note on next page. 

ee important information under Parenteral Administra- 

9N on next page. 
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Unipen 
(nafcillin sodium) 


AS THE MONOHYDRATE,BUFFERED,W YETH 


Disc Susceptibility Tests: Quantitative methods that require 
measurement of zone diameters give the most precise estimates of 
antibiotic susceptibility. One such procedure* has been recom- 
mended for use with discs for testing susceptibility to penicillinase- 
resistant penicillin-class antibiotics. Interpretations correlate diam- 
eters on the disc test with MIC values for penicillinase-resistant 
penicillins. With this procedure, a report from the laboratory of 
"susceptible" indicates that the infecting organism is likely to 
respond to therapy. A report of “resistant” indicates that the infect- 
ing organism is not likely to respond to therapy. A report of “‘inter- 
mediate susceptibility" suggests that the organism would be 
susceptible if high dosage is used, or if the infection is confined to 
tissues and fluids (e.g., urine) in which high antibiotic levels are 
attained. 

*Bauer, A.W., Kirby, W.M.M., Sherris, J.C., and Turck, M.: Antibiotic 
Testing by a Standardized Single-Discs Method, Am. J. Clin. Pathol., 
45:493, 1966; Standardized Disc Susceptibility Test, FEDERAL REGISTER 
37:20527-29, 1972. 

Indications: Although the principal indication for nafcillin sodium 
is in the treatment of infections due to penicillinase-producing 
staphylococci, it may be used to initiate therapy in such patients in 
whom a staphylococcal infection is suspected. (See Important 
Note below.) 

Bacteriologic studies to determine the causative organisms and 
their sensitivity to nafcillin sodium should be performed. 

In serious, life-threatening infections, oral preparations of the 

penicillinase-resistant penicillins should not be relied on for 
initial therapy. 
Important Note: When it is judged necessary that treatment be 
initiated before definitive culture and sensitivity results are known, 
the choice of nafcillin sodium should take into consideration the fact 
that it has been shown to be effective only in the treatment of infec- 
tions caused by pneumococci, Group A beta-hemolytic streptococci 
and penicillin G-resistant and penicillin G-sensitive staphylococci. 
If the bacteriology report later indicates the infection is due to an 
organism other than a penicillin G-resistant staphylococcus sensitive 
to nafcillin sodium, the physician is advised to continue therapy with 
a drug other than nafcillin sodium or any other penicillinase- 
resistant semi-synthetic penicillin. 

Recent studies have reported that the percentage of staphylococcal 
isolates resistant to penicillin G outside the hospital is increasing, 
approximating the high percentage of resistant staphylococcal iso- 
lates found in the hospital. For this reason, it is recommended that 
a penicillinase-resistant penicillin be used as initial therapy for any 
suspected staphylococcal infection until culture and sensitivity 
results are known. 

Methicillin is a compound that acts through a mechanism similar 
to that of nafcillin sodium against penicillin G-resistant staphylo- 
cocci. Strains of staphylococci resistant to methicillin have existed 
in nature and it is known that the number of these strains reported 
has been increasing. Such strains of staphylococci have been 
capable of producing serious disease, in some instances resulting 
in fatality. Because of this there is concern that widespread use of 
the penicillinase-resistant penicillins may result in the appearance 
of en increasing number of staphylococcal strains which are re- 
sistant to these penicillins. 

Methicillin-resistant strains are almost always resistant to all 
other penicillinase-resistant penicillins (cross resistance with ceph- 
alosporin derivatives also occurs frequently). Resistance to any 
penicillinase-resistant penicillin should be interpreted as evidence 
of clinical resistance to all, in spite of the fact that minor variations 
in in vitro sensitivity may be encountered when more than one 
penicillinase-resistant penicillin is tested against the same strain 
of staphylococcus. 

Contraindications: A history of allergic reaction to any of the 
penicillin is a contraindication. 

Warnings: Serious and occasionally fatal hypersensitivity (anaphy- 
lactoid) reactions have been reported in patients on penicillin 
therapy. Although anaphylaxis is more frequent following parenteral 
therapy it has occurred in patients on oral penicillins. These re- 
actions are more apt to occur in individuals with a history of 
sensitivity to multiple allergens. 

There have been reports of individuals with a history of penicillin 
hypersensitivity reactions who have experienced severe hypersen- 
sitivity reactions when treated with a cephalosporin. Before therapy 
with a penicillin, careful inquiry should be made concerning previous 
hypersensitivity reactions to penicillins, cephalosporins, and other 
allergens. If an allergic reaction occurs, appropriate therapy should 


be instituted, and discontinuation of nafcillin therapy considered. 
The usual agents (antihistamines, pressor amines, corticosteroids) 
should be readily available. 

Precautions: As with any potent drug, periodic assessment of 
organ system function, including renal, hepatic and hematopoietic, 
should be made during prolonged therapy. 

The possibility of bacterial and fungal overgrowth should be kept 
in mind during long-term therapy. If overgrowth of resistant organ- 
isms occurs, appropriate measures should be taken. 

The oral route of administration should not be relied upon in 
patients with severe illness, or with nausea, vomiting, gastric dilata- 
tion, cardiospasm or intestinal hypermotility. 

Safety for use in pregnancy has not been established. 

Particular care should be taken with intravenous administration 

because of the possibility of thrombophlebitis. 
Adverse Reactions: Reactions to nafcillin sodium have been 
infrequent and mild in nature. As with other penicillins, the possi- 
bility of an anaphylactic reaction or serum sickness-like reactions 
should be considered. A careful history should be taken. Patients 
with histories of hay fever, asthma, urticaria, or previous sensi- 
tivity to penicillin are more likely to react adversely. 

The few reactions associated with the intramuscular use of nafcillin 
sodium have been skin rash, pruritus, and possible drug fever. As 
with other penicillins, reactions from oral use of the drug have in- 
cluded nausea, vomiting, diarrhea, urticaria, and pruritus. 
Parenteral Administration: It is recommended that parenteral 
therapy be used initially in severe infections. The patient should be 
placed on oral therapy with this product as soon asthe clinical condi- 
tion warrants. Very severe infections may require very high doses. 

Intravenous Route: The required amount of drug should be 
diluted in 15 to 30 ml. of Sterile Water for Injection, U.S.P., or 
Sodium Chloride Injection, U.S.P., and injected over a 5- to 10- 
minute period. This may be accomplished through the tubing of an 
intravenous infusion if desirable. 

Stability studies on nafcillin sodium at concentrations of 2 mg/ml 
and 30 mg/ml in the following intravenous solutions indicate the 
drug will lose less than 10% activity at room temperature (70° F.) 
during the time period stipulated: 


Isotonic sodium chloride..........0.....000 0.0.2. ce. 24 hours 
095 déxtrase ig WATER io esses eer ERE ER Xs 24 hours 
5% dextrose in 0.4% 

sodium chloride sólullon. ..... 2 coo rdg 24 hours 
RINCE S Boll. zone ana vesibesipirasán E reoie ras 24 hours 
M/6 sodium lactate solution 

CCE 0r SO RBI: cz) aare re ERR a FERES Pd 24 hours 


Discard any unused portions of intravenous solutions after 
24 hours. 

Only those solutions listed above should be used for the intra- 
venous infusion of Unipen® (nafcillin sodium). The concentration of 
the antibiotic should fall within the range of 2 to 30 mg/ml. The drug 
concentrate and the rate and volume of the infusion should be 
adjusted so that the total dose of nafcillin is administered before 
the drug loses its stability in the solution in use. 

There is no clinical experience available on the use of this agent in 
neonates or infants for this route of administration. 

This route of administration should be used for relatively short- 
term therapy (24-48 hours) because of the occasional occurrence of 
thrombophlebitis, particularly in elderly patients. 

Intramuscular Route: The clear solution should be administered 
by deep intragluteal injection immediately after reconstitution. 
After reconstitution, keep refrigerated (2°-8° C.) and use within 
7 days or keep at room temperature (25? C.) and use within 3 days. 
Oral Administration: Beta-hemolytic streptococcal infections 
should be treated for at least 10 days to prevent development of 
acute rheumatic fever or glomerulonephritis. 

If oral therapy is inadequate, resort to parenteral nafcillin sodium. 

After mixing, the oral solution must be stored in a refrigerator. 

Discard any unused portion after one week. 
Supplied: INJECTION (VIALS)—Supplied in vial sizes of 500 mg., 
l gram, and 2 gram nafcillin sodium as the monohydrate, buffered. 
When reconstituted as recommended, the contents of each vial pro- 
vides, respectively, 2-, 4- or 8-ml. of nafcillin sodium solution 
equivalent per m/. to 250 mg. nafcillin buffered with 10 mg. sodium 
citrate. Film-coated TABLETS—containing nafcillin sodium as the 
monohydrate, equivalent to 500 mg. nafcillin buffered with calcium 
carbonate. CAPSULES— containing nafcillin sodium, as the mono- 
hydrate, equivalent to 250 mg. nafcillin buffered with calcium car- 
bonate. FOR ORAL SOLUTION—Combination pkg. of vial of dry 
nafcillin sodium as monohydrate and bottle of diluent—provides 
80 ml. of solution containing equivalent of 250 mg. nafcillin per 
5 ml. Alcohol 295. 
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Treatment of Hemorrhagic Gastritis by Antacid 


A simple and safe method of nonsurgical treatment for the con- 
trol of massive acute gastric mucosal hemorrhage is described. 
The procedure was developed from experimental and clinical 
observations that the presence of gastric hydrochloric acid played 
an important part in the development and perpetuation of the 
entity. The treatment consists of complete neutralization of 
gastric acid with antacid to a pH of 7. The antacid is intermit- 
tently added and aspirated through a nasogastric tube to maintain 
the pH of the aspirate at 7. In a retrospective analysis, the hemor- 
rhage was controlled in 44 of 49 patients (89%). Five patients who 
continued to bleed underwent surgery (10%). Three patients 
had vagotomy and pyloroplasty and their bleeding ceased 
without recurrence. Two patients underwent partial gastrectomy, 
but they developed recurrent bleeding and died. One patient whose 
bleeding has been controlled by vagotomy and pyloroplasty 
died without hemorrhage 10 days after operation. Of the 44 pa- 
tients whose bleeding had been controlled by antacid, 11 patients 
died without hemorrhage one or more weeks later. These results 
of 89% control of hemorrhage compare favorably with those 
in the literature. 


HE THERAPY of massive acute gastric mucosal hemor- 
T rhage remains an unsolved problem.+3%35 All experi- 
mental studies on the restrained animal model for the 
production of stress ulcers have shown that gastric ero- 
sions occur only when acid is present in the stomach. In 
stressed animals, pretreatment with antacid to raise the 
gastric pH, vagotomy or anticholinergics significantly re- 
duces the incidence of these lesions.?:4!7?3 In patients 
whose bleeding from gastric erosions has been controlled 
by vagotomy, the nasogastric aspirate was found to have a 
pH of 7.3? 

The frequency of bleeding secondary to stress-induced 
ulceration of the gastric mucosa has increased because of 
intensive care which can prolong the lives of critically ill 
and injured patients. Most recent reports of combined 
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medical and surgical treatment of such patients have 
shown a high frequency of uncontrolled gastric bleeding 
and a high mortality. 153039 

The purpose of this report is to analyze the results of 
pH-controlled neutralizations of gastric hydrochloric acid 
with antacid in the treatment of a group of patients with 
massive acute gastric mucosal hemorrhage. 


Materials and Methods 


- The study consisted of 49 patients with documented 
acute gastric mucosal hemorrhage, hospitalized at the 
Boston City Hospital between October 197] and June 
1974; the Tufts-New England Medical Center Hospitals 
between July 1973 and November 1975; and at the Uni- 
versity of Chicago Hospitals between July 1974 and No- 
vember 1975. The diagnosis was based on endoscopic 
findings in all patients and it was confirmed at surgery in 
five. There were 35 men and 14 women, ranging in age 
from 21 to 73 years, with a mean of 56 years. The total 
blood transfüsion requirements per patient were 1500 ml 
to 7500 ml, with a mean of 4200 ml. Excluded are patients 
with less that 1500 ml blood transfusion requirement. 
The bleeding was associated with surgery, trauma, 
sepsis, and excess intake of alcoHol. Patients whose 
bleeding was secondary to peptic gastric or duodenal 
ulcers or ta esophageal varices, or to associated coagulo- 
pathy, were excluded. Table 1 summarizes the stressful 
factors related to this group of patients. 
. Treatment consisted of removal of blood clots from the 
stomach, iced saline lavage, followed by instillation of 
antacid-buffer (magaldrate, Riopan) into a nasogastric 
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TABLE 1. Associated Factors in 49 Patients With Massive 
Gustric Musocal Hemorrhage 


Associated Factor No. Patients 
Surgery-sepsis 26 
Ethanol 16 
Trauma-sepsis 7 


tube until the pH of the nasogastric aspirate was returned 
to 7. In each patient, the amount of buffer required per 
hour to raise and maintain the intragastric pH at 7 was 
titrated as follows: a nasogastric tube was passed into 
the stomach; the gastric contents were aspirated as com- 
pletely as possible and emptied into a basin by the bedside; 
using phenaphthazine pH paper (Nitrazine), the pH of the 
intragastric contents was measured and recorded. In most 
patients, the pH was 5 or below 5. Sixty ml of antacid was 
instilled into the stomach by gravity drainage and was 
allowed to mix for 15 minutes with the nasogastric tube 
clamped. At the end of 15 minutes, the stomach was re- 
aspirated. If the pH was below 7, an additional increment 
of 30 ml of antacid (total volume of antacid, 90 ml) was 
instilled. Again, 15 minutes was allowed for mixing before 
the next pH measurement was taken. This procedure was 
continued until the amount of antacid required per 15 
minutes to raise and maintain the intragastric pH at 7 was 
determined, usually in less than an hour. Thereafter, 
clamping of the nasogastric tube was prolonged to hourly 
intervals and the predetermined volume of antacid was 
instilled and reaspirated from the stomach to return the 
pH to 7. Titration was carried out by a nurse in the inten- 
sive care unit, and the measured volumes of antacid 
and pH value taken at the end of each hour were recorded 
on the bedside chart. In the majority of patients, the 
volume of antacid required to completely inactivate the 
gastric hydrochloric acid at a pH of 7 was 60 to 180 ml 
per hour. 

Control of bleeding was usually achieved 4 to 24 hours 
after neutralizing gastric hydrochloric acid. If at the end 


of 24 hours there was clinical evidence that the bleeding: 


had stopped s indicated by blood-free nasogastric 
aspirate; cessation in blood transfusion requirements; 
and stabilization of hematocrit and vital signs), the fre- 
quency of antacid instillation and nasogastric tube clamp- 
.ing was reduced to 2 hourly intervals and continued 
for another 24 hours. If after 24 hours there was no further 
evidence of bleeding, the frequency of instillation and 
clamping was further decreased to every 4 hours for an- 


TABLE 2. Results of Surgical Treatment 


Procedure No. Patient Rebled Died 
Two-thirds gastrectomy 2 2 2 (100%) 
Vagotomy and pyloroplasty 3 0 1 (33%) 
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other 12 to 24 hours. The nasogastric tube was removed 
on the fourth day. 

The intermittent addition and removal of the antacid 
solution (rather than the continuous infusion of antacid) 
reduced the likelihood of the antacid solution being 
aspirated into the lungs or absorbed in the intestines. 


Results 


Definition of Control of Hemorrhage 


The therapy was considered successful when the fol- 
lowing conditions were met for at least 6 days after the 
discontinuation of the gastric acid neutralization: clear 
nasogastric aspirate; no blood transfusion requirements; 
stable hematocrit, blood pressure and pulse. 


Patients Treated with pH-Controlled Neutralizations 
of Gastric Acid with Antacid 


In 44 of 49 patients (89%) treated with antacid with a 


controlled pH of 7, the hemorrhage was arrested and no ^ 


further therapy for gastric mucosal hemorrhage was re- 
quired. Five patients continued to bleed. In two of these 
patients, the nasogastric tube was found, during surgery, 
to be curled up in the distal position of the stomach. 
Although the nasogastric returns had a pH of 7 before 
surgery, the erosions of the mucosa of the fundus were 
bleeding, probably because the proximal stomach was 
not in constant contact with sufficient antacid to neu- 
tralize the hydrochloric acid secreted. A two-thirds 
gastric resection was performed in these two patients. 
Both patients rebled in the immediate postoperative 
period and died within 6 days of the operation. 

In another 2 of these 5 patients, organized clot was 
attached to the fundus at surgery. Prior to operation, 
the bleeding had ceased with antacid, but there was re- = 
bleeding on three occasions within 6 days in one of these ` 
patients. On repeat endoscopy, the clots were seen in the 
stomach, but the hematoma could not be removed except 
at operation. In the second patient, there was rebleeding 
within 6 days on two instances, again because of inade- 
quate removal of clots from the stomach. At operation, 
both patients underwent vagotomy and pyloroplasty, 
after removing the blood clots. There was immediate 
blanching of the gastric mucosa with cessation of the 
hemorrhage in both patients. The phenomenon of post 
vagotomy blanching has been reported by others.** 

The pH of the nasogastric aspirate rose to 7 in the intra- 
operative period following vagotomy. The pH of the naso- 
gastric aspirate remained at 7, without the addition of any 
antacid, when it was measured in the immediate post- 
operative period. There was no further bleeding in either 
of these patients, but one of them died 10 days later of an 
undetermined cause. y 

In the fifth patient, the pH could not be maintained at 7. ^ 
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It fluctuated between pH 5 and 7, despite instillation of 
150 to 180 ml of antacid every hour, and bleeding con- 
^ tinued. He underwent vagotomy and pyloroplasty. The 
" bleeding was controlled and he survived. For the last three 
patients in whom surgery was performed, there was con- 
trol of bleeding in all, but one died. The results of 
surgery are summarized in Table 2. 

The overall incidence of surgical intervention to control 


massive gastric mucosal hemorrhage was reduced to 10%, 


which compares favorably with reports in the literature.” 


Complications Related to Neutralization 
of Gastric Acid with Antacid 


It was not necessary in any of these patients treated 
with antacid at pH 7 to discontinue the therapy because 
of local or systemic complications. In a few patients, 
antacid administration caused diarrhea with water and 
electrolyte loss. This complication was controlled by 
careful management of fluid and electrolyte balance intra- 
- "venously. In a small number of patients, the antacid had 
a mild alkalemic effect with elevation of the arterial pH 
to between 7.5 and 7.6. This was handled by preventing 
the elevation of the intragastric pH above 7. Afew patients 
had mild and transient elevation of serum magnesium 
concentration without apparent ill effect. 


Rebleeding after Therapy 


Of the 44 patients treated and controlled by inactivation 
of gastric acid with antacid, three had rebleeding within 
7 days after neutralization was discontinued. They re- 
quired a second series of instillations of antacid and 
neutralization for control of the hemorrhage. 


po During Short Term Followup 


Of the 44 patients in whom the bleeding was controlled 
by antacid, only 33 survived. Eleven patients died with- 
out hemorrhage one or more weeks later. The causes of 
these deaths are listed in Table 3. 


Discussion 


In most patients, bleeding from the gastric mucosa is 
mild to moderate in amount and is self-limited. In con- 
trast, for some patients, hemorrhage is massive and 
continues in spite of gastric lavage with iced saline and 
replacement of blood; surgical intervention becomes 
necessary. The operation of choice to control bleeding and 
prevent recurrence is still controversial. A literature 
survey confirms that subtotal gastrectomy alone was 
followed by a high incidence of rebleeding (52%) and 
. mortality 30%). The addition of vagotomy significantly 


« reduced the recurrence of bleeding and mortality. Control 


- of rebleeding was greater with vagotomy and partial 
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TABLE 3. Cause of Death in Eleven of Forty-four Patients 





Cause of Death No. Patients 





Sepsis 

Cardiac failure 
Pulmonary failure 
Hepatic failure 
Metastatic carcinoma 
Undetermined 
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gastrectomy (15%) than with vagotomy and pyloroplasty 
(29%). Total gastrectomy offers complete protection 
against rebleeding, but it is associated with a high inci- 
dence of death and cannot be recommended at the present 
time as a primary procedure. Any kind of surgery adds 
further stress to these critically ill patients. The need for 
non-surgical methods that can control massive gastric 
stress bleeding is obvious. 

Many ingenious methods of non-surgical therapy have 
been reported for the treatment of this syndrome, such 
as gastric cooling,” intragastric or intraperitoneal instilla- 
tion of levarterenol,!*?9?! endoscopic application of acrylic 
polymer,? endoscopic electrocoagulation,?7$ ]aser-in- 
duced hemostasis through a fiberoptic carrier,!9?* and em- 
bolic arterial occlusion.” Further data are required to eval- 
uate the effectiveness of these non-surgical treatments. An 
additional method consists of selective intra-arterial in- 
fusion of posterior pituitary extract or other vasoconstric- 
tor. +? Intra-arterial vasopressin has controlled the massive 
bleeding in 31 of 45 patients (69%).! The method requires 
specialist personnel and selective catheterization usually 
of the left gastric artery. The latter has not been possible 
to carry out technically 16 to 28% of the time. 

Titration of gastric acid with antacid to a pH of 7 seems 
to provide an alternative to intra-arterial infusion of vaso- 
pressor and to surgery. Our present results compare 
favorably with those obtained by operative procedures 
and other nonsurgical methods, the hemorrhage having 
been controlled in 44 of 49 patients treated (89%). Our 
observations are a retrospective analysis of a group of 
selected patients. A prospective, randomiged clinical trial 
is required to confirm or refute the validity of these ob- 
servations. We recommend such a study. 

The method of neutralization of gastric HCI described 
was developed from the physiological concept that a major - 
determinant ofthe pathogenesis of gastric mucosal ulcera- 
tion is the presence of gastric HCl. The presence of 
acid seems to be necessary for the production of gastric 
mucosal ulcers in restrained animals. Rats stressed by 
restraint and pretreated with antacid to raise the gastric 
pH above 3.5 had a reduced incidence of gastric ulcera- 
tions from 61% in the control group, to 18% in the antacid- 
treated group. Vagotomy and anticholinergics also signifi- 
cantly reduced the incidence of restraint ulcers.?:417?3 Hem- 
orrhagic shock caused mucosal gastric ulcers in rats." By 
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bathing the mucosa with increasingly stronger but still 
physiological acid solutions, the incidence of ulcers was 
_increased. Interest in back diffusion of acid across the 
mucosal barrier as a possible cause of ulceration has 
been generated by gastric pouch studies using various 
chemicals including acetylsalicylic acid,'? alcohol," and 
bile salts.!* Back diffusion would also explain the low levels 
of gastric acid on routine gastric analysis frequently pres- 
ent in these patients. A short period of hemorrhagic shock 
in the rabbit was shown to have a disruptive effect on 
the gastric mucosal barrier to hydrogen ions similar to 
that produced by the above chemicals.?! Back diffusion 
and gastric ulceration were inhibited by antacids. In a 
series of critically ill hospitalized patients approximately 
half demonstrated an increased rate of back diffusion.?! 
Patients with stress ulcers were helped by antacids. To 
explain the clinical occurrence of neurogenic stress 
ulcers, a hypothalamic pituitary and an autonomic path- 
way have been proposed.” In a series of comatose 
patients, almost all bled from the gastrointestinal tract.?? 
No patient treated with antacids and anticholinergics 
required gastric surgery to control the bleeding. In another 
similar series by the same authors, gastric hemorrhage 
was prevented by the prophylactic use of anticholiner- 
gics.*4 Neutralizing intragastric acidity with antacid as 
therapy for hemorrhagic gastritis has been proposed with 
continuous intragastric infusion of sodium bicarbonate 
solution.!^ Massive gastrointestinal hemorrhage from a 
variety of sources was arrested in 23 of 25 patients when 
intragastric pH of 7 was constantly maintained by hourly 
administration of antacid.” Apparently a pH of 7 is neces- 
sary to control the hemorrhage, because two patients in 
whom the bleeding stopped at that pH had rebleeding 
when the pH was allowed to drift to 5. When the intra- 
gastric pH in these patients was raised back to 7 with addi- 
tional antacid, hemorrhage ceased.’ The pH of the naso- 
gastric aspirate was measured in two patients of the pres- 
ent group following vagotomy and pyloroplasty. The pH 
was 7 and remained 7 for several days. The hemorrhage in 
these two patients ceased and there was no rebleeding. 

JA Since the earfier descriptions of variants of these lesions 
by Curling,? Dieulafoy!? and Cushing,’ considerable experi- 
mental and clinical data indicate that the mechanism of 
stress ulcers appears to be an interaction among several 
factors.” Many of these factors appear to act in the 
presence of acid. However, in rats, vagotomy was inef- 
fective in reducing the ulcer rate when hemorrhage 
was superimposed upon restraint.?' The last evidence indi- 
cates there is a pathway for the production of gastric 
mucosal ulcers in the absence of acid. 

In the present group of patients, the failure to control 
the hemorrhage in 5 patients was partly due to technique: 
completely neutralizing the intragastric acid at the bleed- 
ing site was not possible. 

The mechanism of action of controlled intragastric pH 
of 7 in the treatment of acute mucosal hemorrhage ap- 
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pears to involve: complete neutralization of gastric HCl; 
inhibition of back diffusion of hydrogen tons; inhibition of 
pepsin action and, as a result of recent experiments, en- 
hancement of normal coagulation." 
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DISCUSSION 


Dr. WILLIAM M. STAHL, Jr. (New York, New York): Dr. Simonian 
has brought to us a simple but effective and important treatment 
modality in these very difficult patients who are threatening to die of 
bleeding, in addition to the many other underlying conditions from 
which they suffer. 

Our interest in the antacid control of the gastric content began 
several years ago, when my colleagues, Drs. Robbins and Idjadi, 
and I studied prospectively 50 patients admitted to our intensive care 
unit, and measured acid, pepsin, and various glycosaminoglycan 
components of the gastric contents. We found, in contrast to some of 
the measurements in the literature, that in all of these patients who were 
highly stressed from a variety. of causes, the gastric acidity was sig- 
nificantly higher than in a series of normal patients measured in the 
same way, and that in the 3096 of these patients who went on to bleed 
massively, requiring transfusion--—essentially the same group as 
mentioned here—the acid studies were significantly higher than in the 
stressed patients who did not bleed. 

Following this, we instituted prophylactic antacid therapy, with a 
reduction in the amount of massive bleeding in the next 50 patients. 

I have two questions for Dr. Simonian. One is, there are 16 patients 


-in his group from alcoholic gastritis, whereas the rest are posttraumatic 


sepsis, either scheduled trauma or accidental trauma, and I wonder if 
he feels that these are the same lesion. We tend.to feel that the 
alcoholic gastritic will stop, usually, with medical therapy, whereas 
the stress ulcer patient may not. 

The second is: Has his group had any experience with the prophylac- 
tic, or preventative use of antacid to maintain the pH at seven? And 
if so, has there been a reduction in a prospective sense in the incidence of 
bleeding in the stressed patient? 


Dr. JOHN J. SKILLMAN (Boston, Massachusetts): Dr. Simonian 
has presented some evidence to suggest that neutralization of gastric 
acid is important in the therapy of patients who are bleeding from 
acute hemorrhagic gastritis. However, as pointed out in the manuscript, 
these are uncontrolled observations, which nevertheless are impres- 
sive, in that 8096 to 9095 of the patients who were treated for significant 
bleeding, in fact, stopped bleeding. 

The importance of acid in the initiation of gastric mucosal bleeding 
has been well demonstrated in a number of clinical and experimental 
studies. The results of a non-randomized clinical trial have been pub- 
lished recently in The Lancet in which cimetidine, and an H, receptor 
antagonist, was used to treat patients who were bleeding from acute 
hemorrhagic gastritis. Considerable success in the arrest of hemorrhage 
was also achieved in this study, although it must again be emphasized 
that this was also a non-randomized trial. 

The etiologic role of back diffusion of hydrogen ion has been a sub- 
ject of considerable controversy in this area. People who have looked 
at this, including ourselves, have tended to focus in the past on the 
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absolute amount of hydrogen ion which disappears through the gastric 
mucosa in patients who are likely to develop this problem. Recent experi- 
ments in Dr. Silen's laboratory would suggest that the absolute amount 
of acid which is back diffusing may be less important than the relation- 
ship between the state of energy metabolism of the mucosa and the 
relative amount of hydrogen ion which may be available to cause 
mucosal damage. In other words, the process of acid secretion 
generates an alkaline tide in the oxyntic cell which may act as a buffer 
for those cells which are normally perfused, and, by this mechanism, 
the cell may be capable of absorbing more hydrogen ion without under- 
going disruption. Mucosal hypoperfusion might limit the buffering 
capability of the mucosal cells. 

We believe that patients who bleed after ethanol or aspirin ingestion 
may be somewhat different than the patients with trauma and sepsis. 
Our own studies and those of Basil Pruitt would suggest that the pa- 
tients who develop bleeding after trauma and sepsis are more like the 
patients who develop this problem after major burns. I would like to 
know if the five patients who required operation in this study were 
from the patient group with ethanol or aspirin ingestion since these are 
the ones, in our experience, who are most likely to stop bleeding? 

Secondly, in our own patient population, we identified a group of 
clinical abnormalities: respiratory and renal failure, sepsis, jaundice 
and hypotension— in other words, a constellation of clinical prob- 
lems which almost always accompany bleeding in these patients. I would 
like to know how often these abnormalities were found in the sepsis 
reported today. 

Thirdly, it would be of interest to know the distribution of the 
lesions which were seen on endoscopy. In our experience, these have 
been largely confined to the fundic portion of the stomach, sometimes 
in the antrum, and infrequently duodenal. 

Finally, the best tvpe of operation to perform on patients whose bleed- 
ing from this problem requires surgical control is still uncertain. 
However, it would appear from the collected data in the literature that 
a vagotomy is definitely important. Our own feeling is that for those pa- 
tients who bleed in association with drug ingestion—a pyloroplasty 
and vagotomy may be adequate treatment, if operation is needed. In 
patiens who have sepsis or trauma as a major factor, a generous resec- 
tion plus vagotomy is usually necessary. 


Dr. WILLIAM V. McDermott, Jr. (Boston, Massachusetts): Dis- 
cussing this excellent, straightforward, and apparently simplistic re- 
port by Drs. Simonian and Curtis, I have no intention in reporting in 
any detail our corroborating experience, but only to point out the ob- 
vious analogy to the famous story of Edgar Allan Poe, The Purloined 
Letter; namely, that what is most obvious often escapes us in life, and 
it Is true in surgery as well. Among the innumerable noninvasive pro- 
grams designed over decades to control upper gastrointestinal hemor- 
rhage, treatment with antacids has always been a tenet of orthodoxy in 
surgical teaching. What did escape us, however, was the fact that in 


 mostinstances we were not accomplishing any effective neutralization. 
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When Dr. Curtis first initiated this program on the Tufts Surgical 
Service at the Boston City Hospital, the effectiveness, or, let’s say, 
apparent effectiveness, was so obvious that our residents on the 
Harvard service immediately adopted the program which you have just 
heard described, and have carried it on since then in the other hospitals 
in our department. 

The only difference between this program and our management in 
the past was the recognition that the administered antacid must be 
sufficient in amount to neutralize gastric acid secretion completely, and 
to raise the gastric pH to 7, and to maintain it at this level. When this 
is done, control of bleeding from erosive hemorrhagic gastritis is 
remarkably effective. 

On occasions, however, the amount of antacid required, in our ex- 
perience, has been up to 200 to 300 cc in the first hour, It is somewhat 
astonishing, and emphasizes why homeopathic efforts at neutralization 
in the past were often unsuccessful. 

There are many subtler implications which the authors have 
studied and recorded relative to the clotting mechanisms and other 
aspects of disordered gastric physiology which Dr. Skillman has also 
touched upon. 


Dr. BASIL A. PRUITT; JR. (Fort Sam Houston, Texas): Our experience 
with Curling’s ulcer, as an example of acute stress ulcers, is somewhat 
different. We have reassessed the role of hyperacidity after learning of 
the interesting work done by Dr. Silen’s group and also by Dr. Stahl, 
and found that those of our patients who went on to develop clinically 
significant complications did have increased acid production. We have 
preferred to treat these patients prophylactically. 

(Slide) A group of 42 age- and burn size matched patients given or 
not given antacids prophylactically by Drs. McAlhany and Czaja of our 
staff showed a significantly lower incidence of complications, bleeding 
or perforation, in the group to which antacids were given. 

The next slide shows the breakdown of these patients in terms of 
integrity of their gastric mucosal barrier. And comparing the complica- 
tions related to integrity or disruption of the mucosal barrier, the 
patients with disrupted barriers—were subject to a higher incidence of 
complications. 

The last slide shows that even in that high-risk group with disruption at 
the mucosal barrier the prophylactic administration of antacids to main- 
tain the intragastric pH at 7.0 significantly reduced complications. 

I would like to ask the authors: Have they had any experience with 
such prophylactic treatment, rather than therapeutic use of antacids? I 
was pleased to observe the importance of sepsis as a predisposing 
factor in two of their groups. That seemed to be a significant feature. 
Were the treatment failures those patients in whom sepsis could not be 
controlled? And, most troubling, wnaf are your results to be compared 
with? 

If 5 of 49 patients required operation, that is a 10% operative rate, 
which is rather high. If we exclude the gastritis due to alcoholism, 
then that’s a 15% failure rate, and a very high operative rate. And 
is that any different than the conventional treatment with ice water 
lavage and various other nonantacid therapies? 


e 
Dr. ALEXANDER J. WALT (Detroit, Michigan): Looking at Dr. 
Simonian’s figures a different way, 10% of his patients came to opera- 
tion, and therefore, represented failures on antacid treatment. The 


reasons for this are not really surprising. Clots get in the way and line : 


the wall of the stomach and the antacids therefore cannot get to the 
mucosa. Furthermore, in our experience, nurses sometimes forget to do 
the hourly instillation. We are also bothered by the fact that after 
the antacid is instilled, the suction is turned off for a substantial number 
of minutes each hour. We have always felt that if our patients are 
bleeding enough to require this kind of vigrous treatment, we need to 
keep their stomachs empty because of collection of blood, of course, 
vitiates the worthwhileness of the antacid which is being put into the 
stomach. Antacids have far more appeal as prophylactic tools than as 
therapeutic weapons. Lastly, the patient lias to have attention around 
the clock on the hour, keeping him awake all night. So there should 
be a better way. 

I think the better way is perhaps on the horizon, as mentioned by 
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Dr. Stahl. In the same manner as we talk about antisepsis as opposed 
to asepsis— and have come down on the side of asepsis as being a 
better approach than antisepsis—-so in the world of acidity, we should, 
I think, look at anacidity as being better than antiacidity. Consequently, 
if substances such as the H, receptor blockers are cleared by the FDA 
eventually, as has been done in Canada, then cimetidine given pro- 
phylactically to patients with sepsis or burns or to patients in whom we 
can predict with some confidence are likely to bleed from their stomachs, 
we may obviate subsequent bleeding. We should therefore from 
the start try to define the subgroup of people whose acid we wish to turn 
off before they ever begin to run the risk of gastric hemorrhage. If 
this were done, particularly in the septic patients, we wouldn't reach 
the situation demonstrated by the Chicago group in which they have a 
40% mortality in the patients on whom they are forced to operate. 

One slight note of caution. In our own unit, where gastric bleeding 
has been uncomfortably high in incidence, we noticed an improvement 
in our results before we went to the antacid treatment, and what is 
really needed in some sort of randomized study. Finally, I wouid point 
out that of those septic patients who bleed from their stomachs and 
who have a vagotomy as part of their operative treatment, approxi- 
mately 30 to 40% will rebleed after the operation despite the vagotomy -. 
if one takes as an index of rebleeding the need for three or more units 
of blood postoperatively. 

I think the observations made here are interesting, worthwhile and 
simple, but I suspect that we need to do better, and I would advocate a 


trial of H, blockers when these become available. 


Dr. Lon E. Curtis (Closing discussion): Dr. Stahl and Dr. Skillman 
asked about the patients with gastritis secondary to excessive ethanol 
intake. We both agree that this may well be a different lesion. How- 
ever, we were not looking at etiology, nor were we able to understand 
the mechanism of action of the therapy, but rather, we were interested 
in changing the environment-—the pH environment— in the stomach in 
patients who were bleeding from gastric mucosal lesions, in the hope 
that by changing that environment to a more physiologic pH. normal 
homeostatic mechanisms, whatever they might be, might function more 
efficiently. 

Many people have an interest in the prophylactic use of antacids in 
patients that are susceptible to developing these lesions. Dr. Simonian 
has used prophylactic therapy at the Universityof Chicago. We have 
used it also in Boston. But, again, not in a randomized, prospective 
fashion, and we all look forward to studies by Dr. Skillman, which I think 
are very elegantly planned, to truly give us the answer on the value of 
prophylactic antacids in these severely stressed patients. I think Dr. 
Pruitt has some evidence already, that is pretty convincing, that perhaps 
patients undergoing severe stress should be protected in this 7ashion. 

In answer to your question, Dr. Skillman, about the patients who 
were operated on, one was a patient with ethanolic gastritis, and the 
others were of the trauma-sepsis-postop group. The sions, as seen by 
endoscopy, were, indeed, in the majority, fundic in location. A few 
patients had lesions in the antrum as well. 

We certainly would agree that operation should include vagctomy. In 
our patients, following vagotomy, a pH of 7 was achieved. 

To conclude, I would like to show you two slides. We inquired of 
our hemotology section what the effect of pH might be on some parts of 
the clotting mechanism, and they came up with some very elegant work 
which shows that in in vitro studies there is a very sensitive effect of pH 
on a number of clotting factors. This slide shows the prothrombin 
time, which is in a normal range of 14 to 20 seconds here at a pH of 7, 
but very small changes in pH, such as a fall to 6.5, quickly increases the 
prothrombin time. Thrombin times and partial thromboplastin times 
follow the same kind of curve. 

The next slide shows that the effect on platelets of pH seems to be 
quite awesome, in the sense that in three different dilutions with pH's at 
5.9, 6.8, and 7.4-——that the per cent of aggregation of platelets, again 
in an in-vitro study, is considerably enhanced at a physiologic pH, 
and markedly reduced at lower pH's. ^ 

We do not know whether this is the mechanism, but merely suggest 
that it may be helpful to have physiologic pH present in the szomach of 
patients with upper GI hemorrhage. 
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Proximal Gastric Vagotomy: 


Effects of Two Operative Techniques on Clinical and Gastric Secretory Results 


G. A. HALLENBECK, J. J. GLEYSTEEN, J. S. ALDRETE, R. L. SLAUGHTER 


PGV performed in 39 patients by separating the lesser omentum 
from the stomach beginning 6 or 7 cm proximal to the pylorus and 
skeletonizing the distal 1 to 2 cm of esophagus was followed by 
15.4% of proven and 10.2 of suspected recurrent ulcers. Insulin 
tests were done during the first 3 months postoperatively on 31 
of the patients, including the 6 with proven and the 4 with sus- 
pected recurrent ulcers. The peak acid output to insulin minus 
the basal acid output (PAOI-BAO) was <5 mEgq/hr in 16 cases 


(82920) and from 5 to 25 mEq/hr in the remaining 15 cases. In 


6 patients with proven recurrent ulcer, PAOI-BAO averaged 21.9 
mEdq/hr (range, 11.3 to 41.8); in the 4 patients with suspected 
recurrence, 9.5 (range, 4.4 to 11.8). The operative technique was 
changed in one respect; the distal 5 to 7.5 cm of the esophagus was 
skeletonized. In 14 patients, the mean PAOI-BAO = S.E. within 


- 3 months of PGV was 1.85 + 0.7 mEq/hr, and 13 of 14 values 


were «5 mEq/hr. One patient developed recurrent ulcer and re- 
quired re-operation; this patient's value for PAOI-BAO was 1.8 
mEq/hr. The results show quantitatively that great differences in 
the completeness of PGV result from differences in the peri- 
esophageal dissection and emphasize its importance if optimal 
results are to be obtained and, especially, if the efficacy of the 
operation is to be judged. 


ROXIMAL GASTRIC VAGOTOMY (PGV) is designed to 
denervate vagally the corpus and fundus of the 
stomach while leaving the antrum innervated. Vagal de- 
nervation of most of the parietal cell bearing part of the 
stomach is followed by decreased secretion of acid and 
pepsin. Preservation of vagal innervation of the gastric 
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antrum permits the stomach to empty well enough that 
provided no organic obstruction is present, no drainage 
procedure is necessary. The incidence of unpleasant 
gastrointestinal symptoms including early dumping, 
nausea, vomiting of food or bile, and diarrhea has been 
reported by most observers!*!2—14-1820 to be lower after 
PGV is performed for patients with duodenal ulcer than 
after such standard operations as selective or truncal 
vagotomy with pyloroplasty or antrectomy. Some 
authors?*13-1420 have found: incidences of recurrent or 
persisting duodenal ulcer during the first two or three 
years after PGV to be as low as 0 to 2%; others*?5 have 
reported unacceptably high rates of r@currence, e.g., 
22% in the controlled trial of Kronborg and Madsen.*® 
One reasonable explanation for the difference in re- 
ported recurrence rates would be that operative tech- 
niques have differed|enough to cause variation in the 
completeness of proximal gastric vagotomies. We had 
variable results with a high recurrence rate during early 
experience with PGV for duodenal.ulcer that led us to 
change our technique of dissecting the abdominal part of 
the esophagus to that described by Goligher.’ 

The purpose of this paper is to document the importance 
of the esophageal part of the dissection by comparing re- 
sults of gastric secretory tests and early clinical results 
in two series of patients after PGV performed by two dif- 
ferent techniques. 
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Fic. 1. Proximal gastric vagotomy as performed in Series A (see text). 
The periesophageal dissection is limited to the distal 1 or 2 cm of the 
esophagus. 


Materials and Methods 


Operative Techniques: Initially we performed PGV by 
separating the lesser omentum from the stomach begin- 
ning 6 to 7 cm proximal to the pylorus, preserving the 
anterior and posterior nerves of Latarjet to the gastric 
antrum, and completing the operation by clearing the 
distal 1 or 2 cm of esophagus circumferentially of nerves, 
vessels and connective tissue to expose the esophageal 
musculature (Fig. 1). Thirty-nine patients operated upon 
by this technique are included in Series A. 

Later, when the incidence of persisting or recurrent 
duodenal ulcers was found to be higher than that reported 
after PGV by some other workers, we altered the opera- 
tive technique fo include skeletonization of the distal 5 
to 7.5 cm of esophagus (Fig. 2), as has been clearly 
described by Goligher.? Seventeen of 19 patients operated 
upon by this technique were studied and constitute 
Series B. 

Selection of Patients: The diagnoses of duodenal ulcer 
were based on appropriate clinical histories associated 
with radiologic and, sometimes endoscopic evidence of 
duodenal deformity or ulceration. In each case, the diag- 
nosis was confirmed at operation by the presence of 
palpable inflammation or ulceration, or by visible scar- 
ring. None of the patients had acute bleeding or clinical 
evidence of pyloric obstruction. Four patients with acute 
perforation complicating chronic duodenal ulcer disease 
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underwent closure by omental patches together with 
PGV. There was no surgical mortality. | 

The clinical status of patients in both series was as- 
sessed by interviews in the course of which a standard 
questionnaire was filled in by the examiner. 

Gastric Secretory Tests: We had more data from insulin 
tests for patients in Series A and continued the use of 
insulin tests in Series B in order to compare these re- 
sponses between the two groups of patients. 

Radiopaque nasogastric tubes were positioned under 
fluoroscopic control to lie with tips at the gastric angulus. 
Patients lay supine, inclined to the left side, during tests. 
Gastric juice was obtained using a mechanical suction 
device supplemented by aspirations with a syringe. The 
stomachs were emptied of fasting contents which were 
measured and titrated to pH 8.3. Four consecutive 15 
minute samples were collected and the basal acid output 
(BAO) in mEq/hr was the sum of acid outputs in these 
four samples. Regular insulin was then administered intra- 


.venously in a single dose of 0.2 units per kg of body 


weight, and 8 successive 15 minute samples of gastric 
contents were collected and titrated. Blood glucose 
determinations were made before insulin was given and at 
30 minute intervals for two hours thereafter. Tests were 
accepted if blood glucose decreased to 40 mg/100 ml or 
less. The peak acid output to insulin (PAOD was the acid 
output during the two consecutive 15 minute periods that 
gave the highest value, multiplied by 2 to express the 
results in mEg/hr. 





Fic. 2. Proximal gastric vagotomy as performed in Series B (see text). 
The distal 5 to 7.5 cm of esophagus is skeletonized. 


) 


4 


X 


Vol. 188 a No. 4 


TABLE 1. Proximal Gastric Vagotomy for Duodenal Ulcer 
Clinical Data, Series A and Series B 


er tt tt 


Series A Series B 
a er NN i a AN TN a ——M 
Number of cases: 46 19 
Lost to followup 7 2 
Followed 39 17 
Agé, years, at operation 
Mean 40 38 
Range 18—67 19—51 
Ulcer history, years 
Mean 8 8 
Range 1-27 1-30 
Indications for operations* 
Bleeding 20 (5196) 9 (53%) 
Free perforation: 
Previously 8 (21%) 3 (18%) 
With PGV 3 (896) | (6%) 
Intractability 26 (67%) 14 (82%) 





* Many patients had more than 1 indication for operation. 


Results 
Clinical Data 


Seven of 46 patients in Séries A, and 2 of 19 patients in 
Series B could not be found for interviewing. The ages, 
durations of ulcer histories and indications for operation 
in the two groups of patients are shown in Table 1. 

Twenty-seven (69.2%) of the 39 patients in Series A 
who were followed had no symptoms of recurrent ulcera- 
tion during 12 to 52 months (mean 31) of followup. Six pa- 
tients (15.4%) had recurring or persistént duodenal ulcers 
proven by x-ray, endoscopy, or both (Table 2). Ulcers 
were seen during operations performed upon 5 of these 
patients 8 to 28 months after PGV, and the sixth patient 
has not yet required re-operation. Four more patients 
had symptoms suggestive of duódenal ulcer. One had 
occasional symptoms easily controlled by antacids and 
three had symptoms that were more frequent and trouble- 
some but not enough that patients or physiciáns con- 
sidered further surgical treatment. In one of these, endo- 
scopic examination disclosed a stiff and somewhat nar- 
rowed pylorus without active pyloroduodenal ulceration. 
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Another patient had gastric stasis postoperatively, 
developed a gastric ulcer that bled within 6 weeks after 
PGV and underwent antrectomy with gastrojejunostomy 
with a good final result (Table 2). 

Sixteen of the 17 patients in Series B have not developed 
recurrent ulceration over a period of 3 to 22 montlis 
(mean 9.2), a followup too short to permit final conclü- 
sion. One patient who had great duodenal deformity with- 
out clinical symptoms of obstruction preoperatively 
developed obstructivelsymptoms transiently postopera- 
tively despite radiologic evidence of normal rhythmic 
antral contractility. Five months postoperatively, tran- 
sient ulcer symptoms occurred but recurrent ulceration 
could not be proven radiologically or endoscopically. 
Ulcer and obstructive symptoms recurred 12 months 
after PGV and recurrent ulceration was found during 


performance of truncal vagotomy with antrectomy. 


Overall clinical Sal are rated in Table 3 according to 


the criteria of Visick. 5 


Tests of Gastric S ecretion 


Series A: Patients jn Series À were divided into three 
groups—those with no symptoms to suggest recurrent 
ulceration, those withi proven recurrent or persisting duo- 
denal ulcers, and those in whom ulcer was suggested by 
symptoms rot severe enough to warrant reoperation but 
in whom ulcer was not proven. Gastric analyses were 
divided into two groups: the first, those done during the 
first three months after PGV, and the second, those done 
from 12 to 20 months after operation. Data for BAO, 
PAOI, PAOI-BAO and the two hour response to insulin- 
hypoglycemia are shown in Table 4. Mean values +S.E. 
for BAO within three months of operation were 2.0 + 0.5 
in 23 patients without symptoms of ulcer, 3.8 + 1.4 in 
6 patients with proven recurrent or persisting duodenal 
ulcer, and 3.2 + 1.1!in 4 patients with ulcer-like symp- 
toms but without |proof of recurrent ulceration as 
described above. Mean values for BAO in patients with 


proven or suspected duodenal ulcers were not signifi- 


| 


| 
TABLE 2. Recurrent or Persistent Ulcers Among Patients S tudied After PGV 


Series A Series B 
Status of Patients % of Pts. Followup | % of Pts. Followup 
After PGV Na Followed (mos) | No Followed (mos) 
No ulcer 21 69.2 12—52 | 16 . 94 3—22 
Proven D.U. 6 [5.4 8—28 i 6 12 
Suspected D.U. 4 10.2 28—37 0 0 0 
Gastric stasis, 
. Gastric ulcer I 2.6 2 0 0 0 
Poor result, 
Reoperated, 
No ulcer ] 2.6 13 0 0 0 
Totals 39 100 17 100 
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TABLE 3. Visick Scores for Patients in Series A and Series B 
M EN 


- Series A Series B 
Visick Rating (no.) (no.) 

—— —Á DP ee 
1. No symptoms 21 10 
2. Patient volunteers no complaints; 

interrogation reveals mild symp- 

toms, easily controlled 5 4 
3. Mild or moderate symptoms not pre- 

vented by care but not interfering 

seriously with life or work 5 2 
4. Symptoms or complications that in- 

terfere with life and work. Includes 

all proven recurrent ulcers 8 l 
Total 39 17 


cantly different from the mean BAO in 23 patients with- 
out ulcer symptoms. 

The PAOI, PAOI-BAO and the total 2 hour response to 
insulinhypoglycemia were significantly higher (P « 0.001) 
in the patients with proven ulcers than in those with no 
ulcer symptoms and couid have been used for the re- 
mainder of the analysis. PAOI-BAO was chosen as the 
variable that might reflect best the portion of the gastric 
secretory response that resulted from hypoglycemia and 
vagal stimulation. Individual values obtained within the 
first three months after PGV were plotted graphically for 
patients in Series A according to the presence of absence 
of recurrent ulcers later in their clinical courses. Values 
for patients in Series B were plotted on the same graph 
(Fig. 3). The 6 patients in Series A who subsequently 
developed proven recurrent ulcers had PAOI-BAO values 
greater than 10 mEq/hr and three of the four with sus- 
pected but unproven recurrences had PAOI-BAO values 
greater than 5 mEq/hr. Fifteen of the 21 patients in 
Series A who were tested within 3 months of PGV and who 
had no signs or symptoms of peptic ulcer during the period 
of followup had PAOI-BAO < 5 mEdq/hr (Fig. 3), but 
three had values of 5.7, 5.9and 7.1 and three moreretained 
responses of 11e2, 17.6 and 20.8 mEqg/hr. 
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Twelve of the patients in Series A whose PAOI-BAO 
were less than 5 mEq hr within 3 months after PGV also 
were tested 12-20 months after operation. The mean 
+ S.E. for the earlier tests was 1.7 + 0.4; for the later 
period, 3.4 + 0.7. The mean difference of 1.8 for these 
paired observations was significant (P « 0.02). 

Series B: Thirteen cf 14 patients in Series B with data 
for PAOI-BAO had less than 5 mEq/hr when tested within 
3 months of operation and the mean + S.E. for all 14 pa- 
tients was 1.85 0.7. PAOI-BAO was 1.8 mEg/hr in 
the single patient with recurrent ulceration. 


Discussion 

In both Series A and Series B, the dissection along the 
lesser curvation of the stomach was the same and termi- 
nated 6—7 cm from the pylorus. Therefore, with respect 
to the vagus nerves, Series À and B differed in the extent 
to which branches from the vagal trunks were divided be- 
fore they reached the distal esophagus. When peri- 
esophageal dissection was limited to the distal 1-2 cm 
of the esophagus, insulin tests postoperatively sometimes 
indicated adequate vagotomy but equally often showed 
grossly incomplete vagotomy. Indeed, in some cases there 
was no significant change from the preoperative state. 
This great variability in the gastric secretory response 
to hypoglycemia when the dissection of the lesser curva- 
ture remained as nearly the samé as possible, together 
with the more consistently reduced secretion of gastric 
acid during insulin hypoglycemia when 5-7 cm of 
esophagus was skeletonized, emphasizes the importance 
of the esophageal part of the dissection. The formation 
of gastric vagal branches in this area varies more than 
diagrammatic surgical drawings usually indicate, and it is 
understandable that a dissection to skeletonize the last 
1-2 cm of the esophagus during PGV may provide ade- 
quate vagotomy in some cases and incomplete vagotomy 
in others, as was the case in Series A, especially if 
branches passing to the stomach via the distal esophagus 
were small and buried a little in the esophageal muscula- 
ture. Hollinshead's? summary of several anatomical 


TABLE 4. Basal and Insulin-induced Secretion of Gastric Acid After PGV: Series A 





Gastric HCl Secretion, mEq/hr, + SE 








Months Recurrent No. of 2 hr Insulin 
Postop Ulcer? Cases BAO PAOI PAOI-BAO Response 
<3 None | 23 2.0 + 0.5 6.6 + 1.7 47 x12 8.0 + 2.0 
Proven 6 3.8 + 14 26.6 + 6.1* 23.0 + 5.9* 35.1 + 7.1* 
Suspected 4 32 kl 14:194 9524.1 . 16.8 + 7.0 
12-20 None 20 4.0 + 1.0 9.5 + 2.1 5.6 € 1.3 12.0 + 2.7 
Proven 2 2.9 26.4 23.5 37.5 
Suspected 3 9.0 20.1 11.1 27.5 





* Significantly different (P « 0.001) from group with no ulcer. 
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studies of the origin and distribution of gastric vagal 
nerve fibers makes one appreciate their variability. 

Other surgeons have addressed the problem of the 
esophageal dissection during PGV. 

Liedberg and Oscarson, after getting poor reduction in 
acid secretion and 2096 recurrence of ulcer within one 
year in 20 patients, revised the technique to include 
skeletonization of the distal 6-8 cm of the esophagus, 
the cardia and the gastric fundus to the hilum of the 
spleen. Results in the next 60 patients were good with 
respect to reduction in acid secretion and absence of re- 
currences in the still short followup period. 

Hedenstedt, Lundquist and Moberg,? early in their ex- 
perience with PGV, encountered recurrent ulcers that 
responded to resection of nerves found near the distal 
esophagus and led them to believe that sectioning of 
small vagal fibers around the esophagus is of utmost im- 
portance. They began using leucomethylene blue dye 
(Lee, 1969)!? to stain small vagal fibers to make them 
more easily seen during the esophageal dissection, and 
in 1975, Hedenstedt? was continuing this practice and was 
dividing the longitudinal muscle layer in the distal esopha- 
gus as well. 

Sawyers? also describes dividing the longitudinal muscle 
layer of the esophagus with a scalpel approximately a 
centimeter proximal to the esophagogastric junction to 
interrupt small nerve filaments. 

Clearly, dissection to prevent vagal branches from 
reaching the distal 5 to 7 cm of esophagus is one of the 
most important parts of PGV. 

Generally speaking, results of insulin tests have not 
been accurate predictors of recurrent ulceration after 
truncal or selective vagotomy with drainage pro- 
cedures 2:5,56.157172324 Hollander, from whose laboratory 
came the concept of using the gastric secretory response 
to hypoglycemia as a test of vagal innervation of the 
stomach, never considered that the test could predict 
recurrent ulceration. 

We were surprised, therefore, to find as good apparent 
correlation between postoperative acid secretory re- 
sponse to insulin-hypoglycemia and recurrent ulceration 
as we did, especially since KronborgP*:1 found recurrences 
in patients after truncal vagotomy with drainage whose 
total acid output during two hours after insulin was given 
was very small in tests done 10 days postoperatively, 0.1 to 
1.0 mEq in four instances and between 1.0 and 3.0 mEq in 
6 more. This is different from our Series À in which 
PAOI-BAO values up to 5 mEq/hr appeared to be well 
tolerated. The techniques of performing the insulin test 
were similar. We wondered whether, after PGV without 
drainage, greater acid secretion is tolerated better than 
after operations in which drainage procedures are done. 
One can make an hypothetical case for this position, 
assuming that intermittency in passage of chyme into the 
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PEAK HCI OUTPUT (INSULIN) — BASAL ACID OUTPUT 
<3 MONTHS AFTER PGV DONE BY 2 TECHNIQUES 





Series A Series B 


| ULCER ULCER NO ULCER ULCER 
nouem |a PROVEN | NOULCER | PROVEN 





15 


PAOI — BAO, mEq/hr 


< 3 MONTHS AFTER PGY 


Fic. 3. Values for the PAOI minus BAO obtained within 3 months 
after PGV in Series A and B, grouped according to clinical status with 
respect to recurrent ulcer. 


duodenum is protective, as compared with situations in 
which the gastroenteric junction could be awash with 
chyme for long periods of time. However, Kronborg and 
Madsen, in their controlled trial comparing PGV with 
selective vagotomy plus pyloroplasty, found that among 
11 patients who developed recurrent ulcer within two 
years after PGV and had been tested 10 days postopera- 
tively, two had PAOI-BAO less than 1 mEq/hr; four, 
1-2 mEqg/hr, and four 8, 8.4, 12.8, and 14.1 mEq/hr 
respectively. Also our patient in Series B who developed 
a recurrent ulcer had PAOI-BAO of only 1.8 mEgq/hr. 
Although most of our patients with recurrent ulceration, 
as well as some who have not yet experienced recurrence, 
retained high acid secretory responses to hypoglycemia 
indicating inadequate vagotomy and although it is logical 
to propose that the incidence of recurrent ulceration 
should be greater in these patients than in those with 
adequate vagotomy, other factors such as obstruction 
and the as yet unmeasurable individual resistance to peptic 
ulceration must be involved as well. 

The data emphasize the importance of standardized 
operative techniques if results of PGV done by various 


- Workers are to be comparable. 
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DISCUSSION 


Dr. J. LYNwoop HERRINGTON, JR. (Nashville, Tennessee): 
Dr. Hallenbeck has emphasized that proximal gastric vagotomy is 
apt to fail unless the operative technique is precise and exact. Just 
a few years ago Dr. John Sawyers and I became interested in proximal 
gastric vagotomy, and we experienced the good fortune of having Ebby 
Krageland of Copenhagen, visit us and perform several of these opera- 
tions. Also, a short time later we had the opportunity to have Erik 
Jensen come to see us, and share his operative experiences with us. 
So, therefore, we have been performing our dissections high on the 
distal esophagus from the beginning. 

This slide shows the nerves of Latarjet, going down to the crow 
foot on the gastric antrum. Just proximal to the crow foot we start 
our dissection and proceed cephalad. It is very simple initially to open 
the avascular area in the gastrohepatic omentum, insert the fingers 
of the left hand and stretch gastrohepatic omentum. At the same time 
the greater curve is also stretched with Babcock forceps. The nerves of 
Latarjet to the crow foot are identified and the dissection of the 
neurovascular bundles supplying the lesser curve from just above the 
crow foot to a level high on the abdominal esophagus is carried out. 

(Slide) We have skeletonized the lesser gastric curve and holding 
stitches are seen on the lesser curve. The lower esophagus has been 
exposed, and at this point, as Dr. Hallenbeck stated, some observers 
have stopped their dissection here, and the results have generally 
been poor, as recurrent ulceration has been high. Therefore, the dis- 
section must be taken more cephalad to completely denervate the 
gastric cardia and the proximal gastric fundus. 

It is important also on the splenic side of the esophagus to excise 
the "criminal nerve” of Grassi. It has been present and constant in all 
of our patients. 

(Slide) Here again we are on the lesser curve of the esophagus. We 
are skeletonizing it, and, as Dr. Hallenbeck stated, the nerve fibers 
to the lower esophagus are quite numerous in this area. The next 


HALLENBECK AND OTHERS 


Ann. Surg. e October 1976 


15. Kronborg, O.: The Value of the Insulin Test in Predicting Re- 
currence After Vagotomy and Drainage for Duodenal Ulcer. 
Scand. J. Gastroenterol., 6:471—78, 1971. 

16. Kronborg, O.: Influence of the Number of Parietal Cells on 
Risk of Recurrence After Truncal Vagotomy and Drainage for 
Duodenal Ulcer. Scand. J. Gastroenterol., 7:423—31, 1972. 

17. Kronborg, O.: The Discriminatory Ability of Gastric Acid Secre- 
tion Tests in the Diagnosis of Recurrence After Truncal 
Vagotomy and Drainage for Duodenal Ulcer. Scand. J. Gastro- 
enterol., 8:483—89, 1973. 

18. Kronborg, O. and Madsen, P.: A Controlled, Randomized Trial of 
Highly Selective Vagotomy Versus Selective Vagotomy and 
Pyloroplasty in the Treatment of Duodenal Ulcer. Gut, 16: 
268—71, 1975. 

19. Lee, M.: A Selective Strain to Detect the Vagus Nerve in the 
Operation of Vagotomy. Br. J. Surg., 56:10—15, 1969. 

20. Liavag, I. and Roland, M.: Selective Proximal Vagotomy in the 
Treatment of Gastroduodenal Ulcers. (Abstract) Scand. J. 
Gastroenterol., Supp. 20:10, 1973. 

21. Liedberg, G. and Oscarson, J.: Selective Proximal Vagotomy— 
Short Time Follow-up of 80 Patients. (Abstract) Scand. J. 
Gastroenterol., Supp. 20:12, 1973. 


. 22. Sawyers, J. L.: Personal communication. 


23. Stempien, S. J., Lee, E. R. and Dagradi, A. E.: Clinical Appraisal 
of Insulin Gastric Analysis. Am. J. Dig. Dis., 13:21—34, 1968. 

24. Venables, C. W.: The Value of Combined Pentagastrin/Insulin 
Test in Studies of Stomal Ulceration. Br. J. Surg., 57:757 —61, 
1970. 

25. Visick, A. H.: Measured Radical Gastrectomy. Review of 505 
Operations for Peptic Ulcer. Lancet, 1:505, 1948. 

26. Wastell, C., Colin, J. F., MacNaughton, J. I., and Gleeson, J.: 
Selective Proximal Vagotomy With and Without Pyloroplasty. 
Br. Med. J., 1:28—30, 1972. 


slide shows the distal 5-6 cm of the esophagus, completely skele- 
tonized and the lesser gastric curve skeletonized. The nerves of 
Laterjet are on the operator's left, the gastrohepatic pedicle on the left, 
and the hepatic plexus of nerves is high under the retractor. The 
hepatic plexus serves as a landmark and the dissection on the esophagus 
is terminated just caudad to the hepatic plexus. The left gastric artery 
is never seen. 

As a final step in the operation, we circumscribe the esophagus about 
its entire circumference, dividing all the little nerve fibrils, and the 
longitudinal musculature. One can usually see the Levine tube just 
within the esophageal lumen as you skeletonize the longitudinal fibers. 

(Slide) The completed operation is shown here. We have skeletonized 
the abdominal esophagus for about 5 or 6 cm, and then we plicate the 
anterior and posterior walls of the lesser curve from the gastroesopha- 
gus junction down to the nerves of Latarjet at the antral crow foot. 

During the past thirty-odd months Dr. John Sawyers and I have 
been engaged in a prospective randomized study with Dr. Hallenbeck 
and Dr. Ed Woodward. I have been randomizing vagotomy-antrectomy, 
with parietal cell vagotomy. Dr. Sawyers has been randomizing gastric 
selective vagotomy-pyloroplasty with parietal cell vagotomy. AIl total, 
we have done 68 parietal cell vagotomies. The mortality has bzen 
zero. The mortality in the 4 groups of patients, totalling 137, has 
also been zero. We have had no recurrent ulcer over a brief period. The 
longest patient has been followed about 34 months. 

Dumping has occurred in 20% of patients with antrectomy and 
truncal vagotomy and in 26% of patients with gastric selective 
vagotomy-pyloroplasty. We have had no dumping so far with the patients 
undergoing parietal cell vagotomy. Diarrhea, however, has occurred in 
3% of the group with parietal cell vagotomy. No significant weight 
losses have occurred, but transient fullness has been a frequent 
complication in both Dr. Sawyer’s group and my group with parietal cell 
vagotomy. It is transient, however, and usually disappears com- 
pletely in about two or three months. 

One additional point of interest: We are putting about one out of three 
patients in our study, because we are seeing a fair number of patients 
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with complete pyloric obstruction that we do not, of course, admit to 
the study. Some patients with massive bleeding, with large, posterior 
calloused ulcers do not qualify for parietal cell vagotomy. We have 
done a few cases of mild obstruction, where we have dilated the pylorus 
with a Maloney dilator, then proceeded with parietal cell vagotomy. 
Also, the operation is well suited to the patient with an acute per- 
foration. Obesity is no contraindication to the procedure. Our largest 
patient weighed about 230 pounds. 

We only have male patients admitted to the present study. Outside 
the study, Dr. Sawyers and I have done 38 parietal cell vagotomies on 
females, with about comparable results to what we have obtained in 
the study group. We have had no mortality. We have done 105 parietal 
cell vagotomies to date. 

Our preliminary results with this procedure have been encouraging 
to us, and we have likewise been encouraged by the work of Professor 
Goligher, Eric Andrum, and David Johnston. However, I do firmly 
believe at the present time that parietal cell vagotomy should still 
somewhat be considered an experimental project, and its use should 
be confined to university centers and to those engaged in prospective 
randomized studies. I have two questions for Dr. Hallenbeck. Have you 
used parietal cell vagotomy in the treatment of benign gastric ulcer? 
Also, have you considered doing an extended parietal cell vagotomy in 
which you denervate the heel, or the proximal portion of the crow foot? 


Dr. PauL H. JorpAN (Houston, Texas): I think we can accept as 
fact that parietal cell vagotomy is associated with fewer side effects 
than any other gastric procedure for the treatment of duodenal ulcer. 
However, of what value would this be if the recurrence rate was in- 
ordinately high, to the point of being unacceptable? 

There has been, as he has pointed out, a discrepancy in the recur- 
rence rates reported. There have been reports indicating that the 
recurrence rate ranges from zero to 2%. In our own series of over 150 
cases the recurrence rate is now 4%, with the longest followup having 
been 4 years. 

We have from the beginning denervated the distal 4 cm of the 
esophagus, measured from the angle of His. On the other hand, 
Kronborg and Madsen reported 11 recurrences in 50 patients, for a 
22% recurrence rate. Recently their recurrence rate has fallen to 
8%. which is attributed to a change in technique to one similar to what 
Dr. Hallenbeck has emphasized and has been described today. 

The other paper that is so frequently referred to as a reason for 
concern regarding recurrences is that of Mr. Wastell, who reported 
two recurrences in his first 16 cases. In his next report he had two recur- 
rences in 50 patients, and they were the same two recurrences, sug- 
gesting that his technique may also have changed with time. 

Others, including Hedenstedt, Goligher and Grassi, have told us that 
the dissection around the distal esophagus is important in the per- 
formance of parietal cell vagotomy, if the recurrence rate is to be 
acceptable. However, no one has so clearly provided the proof that 
this is so as have Dr. Hallenbeck and his group. 

How effective parietal cell vagotomy will ultimately be in the treat- 
ment of duodenal ulcer remains unsettled. Continued evaluation of the 
operative procedure, as described by Dr. Hallenbeck, needs to be 
carried out by a widening circle of surgeons. The operation is relatively 
easy to perform, but does require operative finesse and attention to 
details that can best be learned in an operating room, working with a 
surgeon like Dr. Hallenbeck, who has demonstrated good results with 
the procedure. There needs to be conformity as to the operation being 
tested. 

It is important that this painfully slow, but careful acquisition of data 
be performed, even if the general application of the operation is de- 
layed. The alternative is that the operation risks being discredited 
before its maximal potential for the treatment of duodenal ulcer 
is known. 


Dr. JAMES CHARLES THOMPSON (Galveston, Texas): The data that 
have been presented seem clearcut to me. although the results are still 
quite early, and we need to follow them very carefully for a while. 

While that’s being done, it is imperative that this procedure be 
limited to those centers that are willing to carefully follow their patients 
by periodic secretory studies, because only by this can we, I think, 
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avoid some of the vicissitudes that have followed with the changing 
fads in ulcer surgery. 

I would like, if I may, to make a suggestion about secretory studies 
that is, I think, relevant. It seems to me that it is time that we abandon 
the Hollander test. I know that is heresy, but I think that there is evi- 
dence to support the recommendation. You notice that Dr. Hallenbeck 
did not speak of the Hollander test, although he did use the insulin 
stimulus, and I would go further and suggest that we abandon insulin 
as a stimulant. 

First of all, the criteria that have been proposed for evaluation of 
the insulin test are impossibly complex and irrelevant. 

We should, in addition, not use insulin because, firstly, it's a 
hazardous stimulant; there are more than 10 reported cases of death, 
and for every death reported there may be many more that were not 
reported. Secondly, the information that you get from insulin is readily 
available from other secretory stimulants. I think pentagastrin and 
Histalog maximal stimulation tests will give nearly the same information, 
and with almost no risk at all. 

And thirdly, I think we ought to abandon the Hollander because the 
information we get from it is difficult to interpret and, to some extent, 
has been missold. We have been told that the Hollander test gives an 
evaluation of the integrity of the vagus nerves, and that's simply not true. 
If you do a complete antrectomy, without touching the vagi, you will 
have a negative Hollander test in about 30% of individuals. All the 
Hollander test does is to show that the secretory apparatus has been 
blunted, not necessarily by vagus section; so that sometimes people 
who have intact vagus nerves will have a negative Hollander test, and 
sometimes they will have a positive Hollander test, and will not have 
intact vagus nerves. 


Dr. KENNETH ENG (New York, New York): Before attempting 
proximal gastric vagotomy, I had the opportunity to visit with Mr. 
Johnston and Professor Goligher in Leeds, and with Professor Andrup in 
Arhus. They also stressed the importance of extensive skeletoniza- 
tion of the esophagus, even though they differed in their approach to 
determining the distal limit of denervation. 

Since 1973 we have performed 30 proximal gastric vagotomies. About 
half of those patients have been followed for more than a year. There 
have been no deaths. We also have been impressed by the absence of 
postoperative sequelae. 

Early in the series we had one patient who failed to show the expected 
decrease in acid secretion. We reoperated on this patient, and found that 
indeed, there was an intact branch high in the posterior wall of the 
esophagus, the so-called ‘‘criminal nerve.” 

The peak acid output to insulin, minus the basal acid output, the 
same units that Dr. Hallenbeck suggested, fell from 12.5 mEq per 
hour after the incomplete vagotomy to 1.7 mEq per hour after the second 
operation. This patient has remained well. 

Unfortunately, an appropriate decrease in acid production is not 
an assurance that there will not be a recurrence, even when this test is 
repeated at a year. We recently had a patient whose ulcer recurred two 
years after operation. This patient had an acute perforation after _ 
proximal gastric vagotomy, and his acid studies at one month and one 
year, using the same units-—the peak acid output fo insulin minus the 
basal acid output— were less than 2 mEq per hour on both deter- 
minations. 

I would like to congratulate Dr. Hallenbeck on this very important 
study. By looking at the reasons why his results did not agree with 
other established series, he has come up with technical information 
which will be important if this very promising operation is to achieve 
wide application. 


Dr. LLovp M. NvuHus (Chicago, Illinois}: I had the pleasure of 
watching Dr. Dragstedt perform a truncal vagotomy. He stressed at that 
time the necessity of meticulous dissection of the lower end of the 
esophagus to assure total vagotomy. This is the message of Hallenbeck 
and Goligher. It appears that we have come full circle. 

Although the recurrent ulcer rate for truncal vagotomy plus drainage 
is about 7%, long-term followup studies have shown recurrence of 
ulcer in 28% of patients. 

When truncal vagotomy is joined with antrectomy, the usual recurrent 
ulcer rate is less than 3%. There is little question that the partial 
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gastrectomy protects many patients from the sequelae of incomplete 
vagotomy. This protection has possibly lulled surgeons into a sense of 
security and thus have been imprecise in their technical approach to 
vagotomy. 

As is apparent from the study of Hallenbeck, partetal cell vagotomy 
must be performed with the same meticulous attention to detail 
originally taught to us by Dragstedt for truncal vagotomy. In every in- 
stance wherein surgeons studying parietal cell vagotomy have had 
trouble with recurrent ulceration, but relearned the basic tenents of 
how to do a complete vagotomy at the level of distal esophagus, i.e., 
the Dragstedt technique, the early results of parietal cell vagotomy 
have improved. 


e 


Dr. GEORGE A. HALLENBECK (Closing discussion): Dr. Herrington 
asked two questions. One was whether I have used the procedure for 
primary gastric ulcer. As you probably know, at least two groups have 
published data on the use of proximal gastric vagotomy, with over- 
sewing, or excision, of primary gastric ulcer as treatment for the dis- 
ease, one is the Goligher group in Leeds, the other Hedenstedt in 
Stockholm. I have not used it, and so can say only that we are awaiting 
further data from their studies with results of longer followup. 

Regarding his second question about extending the operation nearer 
to the pylorus, I feel from our own data presented today that the distal 
end of the dissection is not the important area so I don't think I would 
be particularly stimulated to do that. 
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I agree completely with the remarks of Dr. Jordan. It's interesting 
that he gets about the same results not going quite as high as we did, 
having had bad results from not going high enough. 

Dr. Thompson spoke of the Hollander test, and I’m sure he's abso- .., 
lutely right that there is no use using the insulin test at the present time. 
We did it because we didn't know that when we started what turned out 
to be Series A. Ours, of course, was not a planned experiment, and it 
happened that we had had principally insulin tests to assess the secretion 
in that group and continued it in Series B, simply so that we would have 
data for direct comparison. 

I think pentagastrin will prove to be the best method, and perhaps 
giving it in three doses to get a dose response curve that may shift 
one way or the other would be a good way to do gastric analyses, 
when we can get pentagastrin for routine use in this country. 

I found Dr. Eng's results most interesting, and the experience you 
had of successfully correcting an incomplete proximal gastric vagotomy 
by reoperating around the esophagus is one that was shared by Heden- 
stedt and Moberg in Sweden some years ago. 

As far as your comments are concerned, Dr. Nyhus, I thank you 
very much for them, largely because you hinted that you had some 
trouble too early in your experience with PGV and I was beginning 
to think that no one would believe there had been a problem. I think 
that your statement that antrectomy does protect a great deal, and 
let one get by with a vagotomy done not quite as carefully, is true 
indeed. 


Antibiotic Prophylaxis in Gastric, Biliary and Colonic Surgery 


H. HARLAN STONE, M.D., C. ANN HOOPER, B.S., B.A., LAURA D. KOLB, B.S., CAROL E. GEHEBER, B.S., 


+- Antibiotic prophylaxis for surgery has appeared indicated when- 


ever likelihood of infection is great or consequences of such are 
catastrophic. For better clarification, a prospective, randomized, 
double-blind study was run on 400 patients undergoing elective 
gastric, biliary, and colonic operations. There were four treat- 
ment categories, with antibiotic being instituted 12 hours pre- 
operatively, just prior to operation, after operation, or not at all. 
During operation, samples of blood, viscera, muscle, and fat were 
taken for determination of antibiotic concentration. Both aerobic 
and anaerobic cultures were also taken of any viscus entered, 
peritoneal cavity, and incision. Similar cultures were run on all 
postoperative infections. Results demonstrated that the incidence 
of wound infection could be reduced significantly by the preopera- 
tive administration of antibiotic in operations on the stomach (22% 
to 4%), on the biliary tract (11% to 2%), and large bowel (16% to 
6%). Less impressive results were obtained for peritoneal sepsis. 
Initiation of antibiotic postoperatively gave an almost identical 
infection rate as if antibiotic had not been given (15% and 16%, 
respectively). 


T VALUE as well as dangers of prophylactic anti- 
biotics has been hotly debated for the past three 
decades. Lack of concrete data, as might be derived from 
either rigidly controlled laboratory studies or prospective 
randomized clinical trials, has by no means limited these 
arguments. Only the animal experiments of Burke? and 
relatively sophisticated clinical trials by Polk,!?, Ledger,’ 
and a few others have given any true insight as to the 
benefits of such a program. +489 ATI other supportive re- 
ports have primarily been emotional claims, based upon 
either poorly or totally uncontrolled scientific evidence. 

There are, in addition, other advantages that might be 
gained through the administration of prophylactic anti- 
biotics. Hospital beds possibly could be conserved 
through a shortened average patient stay. Hospital costs 
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could then likewise be reduced if less hospital days were 
consumed and if reoperation for some complicating in- 
fection were not as frequently required; while antibiotic 
use might even be decreased if fewer postoperative 
infections developed and, especially, if the duration of 
antibiotic prophylaxis was cut to a bare minimum. 

Nevertheless, potential harm resulting from routine 
antibiotic therapy cannot be ignored. Drug toxicity, 
allergic reactions, and in particular the evolution of 
resistant bacterial strains certainly appear to be potential 
if not actual significant threats. 


Clinical Trial 


To evaluate these several aspects of prophylactic anti- 
biotic therapy as well as to confirm the already reported 
benefits of its application, a prospective randomized and 
double-blinded study was carried out on the surgical 
wards of Grady Memorial Hospital. After 20 months (the 
trial period ending February 29, 1976), 400 consecutive 
patients admitted for elective operations on the stomach, 
biliary tract, and/or colon had been enrolled in the study. 

The only exceptions to inclusion into the study were 
antibiotic therapy with parenteral or orally absorbable 
agents during the 10 days immediately preceding opera- 
tion, conditions present that already demanded antibiotic 
prophylaxis (1.e., heart valve disease), known allergy to 
a cephalosporin, and an age of less than two years. Pa- 
tients undergoing colon surgery, however, did receive 1 
gm of oral neomycin every 4 to 6 hours for two days . 
prior to operation as well as 500 mg of erythromycin . 
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base every 6 hours for 24 hours preoperatively. Routine 
attempts were made to preclude any consideration of 
antibiotic prophylaxis with respect to decision for 
Operation, procedure performed, and general postoper- 
ative care. | 


Antibiotic Administration 

Each patient was given an intramuscular injection of 
either antibiotic (1 gm of cefazolin) or placebo (equiv- 
alent volume of diluent) on the evening before opera- 
tion, on call to the operating room and on that same 
evening after return to either the ward or the intensive 
care unit, on the morning of the day following surgery, 
and again during the evening of the first postoperative 
day (Fig. 1). Scaled down doses were used for children, 
with weight béing the prime determinant. The solutions 
for injection had previously been assembled in patient 
number packets, so that there were five vials in each pack 
and each vial was coded as to time when it should be 
given. Details in randomization were unknown to all con- 
cerned with patient care, although the master key was 
readily available in the event that a possible drug or 
infectious complication demanded that the code be 
broken. 

Drug dosage had been set up so that equal numbers 
of patients had their prophylactic antibiotic initiated 
approximately 12 hours preoperatively, one hour prior to 
operation, or within an hour following completion of the 
operation (Fig. 1). Twenty-five per cent of the patients 
received no antibiotic at all. When given, cefazolin was 
administered in three consecutive injections for a total 
dose of 3 gms over a period of approximately 24 hours. 
No other antimicrobial was given thereafter, that is, 
unless an established infection could be documented 
or the patient's clinical course became highly suggestive 
of a developing septic complication. 


Sampling Düring Operation 


At surgery, 9 specific specimens were taken. An at- 
tempt was generally made to obtain all samples within 
a few minutes of each other. Once the abdomen had been 
opened, both peripheral as well as portal venous blood 
were drawn for determination of antibiotic blood levels. 
Likewise, liquid contents ofthe organ of operation (gastric 
juice, bile, and/or colon contents) were obtained for 
similar analyses of antibiotic concentration. A modified 
well-diffusion technfque was used for these studies." 

Biopsies of viscera resected as well as abdominal wall 
muscle and subcutaneous fat were also taken. These 
specimens were immediately frozen and then sent at inter- 
vals to the Lilly Research Laboratories for determina- 
tion of antibiotic tissue conceritration. 

Finally, both aerobic and anaerobic cultures were taken 
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of the contents of the organ subjected to operation, 
the peritoneal cavity, and the subcutaneous portion of the 
incision at the time of closure. Sensitivity testing was 
subsequently run on all aerobic isolates to the 30 mcg 
disc of cefazolin.? 


Followup 


Postoperatively, all patients were carefully followed for 
evidences of infection developing within the abdomen 
and/or surgical incision. In addition, complicating infec- 
tions in other areas were specifically noted. Appropriate 
aerobic and anaerobic cultures were taken from all sites 
of known as well as even suspected sepsis. Aerobic 
bacterial isolates were also tested for sensitivity to the 
prophylactic antibiotic, i.e., cefazolin, at a 30 mcg disc 
size.” : | 

Complications of drug therapy, other postoperative 
problems, total as well as postoperative hospital stay, 
all details related to indications for surgery, type of 
operation, general status of the patient, and, finally, 
eventual outcome were faithfully recorded. These items 
were later used to confirm the purity of the randomiza- 
tion process plus the identification of any significant 
influence, other than the prophylactic antibiotic, on the 
incidence of subsequent infection. 


Results 


At the completion of the clinical trial, there were 100 
patients for analysis in each treatment category. Gastric 
surgery had been performed on 96, a biliaty tract 
procedure on 131, and colon surgery on 190— thereby 
giving a total of 417 operations. The extra 17 were ac- 
counted for by tlie fact that these patients had had a 
surgical procedure carried out in two, rather than just one, 
aréa of study. 

Ages ranged from 2 to 86 years, with an average of 47.6. 
There were 179 males and 221 females; 312 were Negro, 
while 88 weré Caucasian. No significant difference could 
be found between the four assigned treatment groups 
with respect to type of operation, indication for surgery, 
age, sex, or race. 

There were four postoperative deaths, three of which 
occurring in patients who had had two procedures done 
at the one operation. Otherwise, no major difference was 
apparent between the several therapy categories. 


Antibiotic Distribution 


Concentrations of cefazolin were not significantly 
different when portal was compared to peripheral venous 
blood (Table 1). The average value was 13.7 mcg/ml. 

Administration of cefazolin 8 to 12 hours prior to 
operation gave approximately 4096 higher tissue levels 
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Fic. 1. Times of antibiotic 
administration. Placebo in- 
jections are indicated by an 
“O”; cefazolin was given 
at times marked by an “X.” 


than if the antibiotic had been started a mere hour pre- 
operatively (Table 1). Concentrations of cefazolin in sub- 
cutaneous fat were less thari half that of the blood when- 
ever antibiotic therapy had been instituted only an hour 
before hand. In fact, antibiotic concentrations in fat and in 
bowel wall were consistently below values discovered in 
other tissues. Stomach and gallbladder had biologically 
measurable concentrations of cefazolin in their walls that 
even surpassed concomitant blood levels, yet such may 
well have been due to the additive bacteriocidal effect 
of acid and bile, respectively. 

Analyses of bile and gastric juice for cefazolin 
concentrations were undoubtedly spurious because of 
their already known antimicrobial actions (Table 1). 
Similarly, the preoperative administration of oral neo- 
mycin and erythromycin base may well have accounted 
for the apparent presence of study antibiotic in colon 
contents, irrespective as to whether cefazolin had been 
administered preoperatively or not. 


Incidence of Infection 


The reduction in incidence of intraperitoneal sepsis 


was relatively significant (P — 0.05) whenever prophy- 


Table 1. Distribution of Chefazolin at Operation: 
Antibiotic Administered Preoperatively 


Antibiotic Begun 


Preoperatively 
8—12 Hours 1 Hour 
Peripheral venous blood mcg/ml 14.1 13.5 
Portal venous blood mcg/ml 13.8 13.4 
Abdominal muscle mcg/gm 14.0 9.3 
Subcutaneous fat mcg/gm .9.8 6.3 
Gastric secretions mcg/ml 14.3 11.2 
Bile mcg/ml 22.5 21.4 
Colon contents mcg/ml 22.3 20.4 
Stomach wall mcg/gm 15.9 12.9 
Gall bladder wall mcg/gm 21.3 14.9 
Colon wall mcg/gm 11.0 9.8 
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POST-OP 
DAY 1 


DAY OF 
OPERATION 


lactic antibiotic had been started preoperatively (Table 2). 
Results were much more impressive with procedures on 
the colon than for operations on the stomach and biliary 
tract. However, no real difference could be discernéd 
between the two groups receiving preoperative cefazolin, 
that is, between those patients having such therapy 
instituted 8 to 12 hours prior to operation and those 
whose antibiotic was not begun until just an hour before 
surgery. By contrast, the incidence of peritonéal sepsis 
was essentially the same as if no antibiotic had been 
given whenever cefazolin administration hàd been put off 
until after operation. 

Differences in wound infection rate were much more 
dramatic than were those for intraperitoneal sepsis (Table 
3). Overall, there was an almost four-fold greater inci- 
dence of infection within the incision when antibiotic 
was withheld than when such had been giveri preopera- 
tively. Initiating cefazolin therapy after operation gave 
approximately the same results as if the parenteral anti- 
biotic had been completely withheld. All of these 
figures were highly significant (P = .01). As with intra- 
peritoneal infection, results obtained in the two preoper- 
ative treatment groups were almost identical. 


Table 2. Peritoneal Infection, 


Antibiotic Begun 


Area 
of 8—12 hr 1 hr I-4hr Never 
Operation Preop  Preop  Postop Given Totals 
Gastric 22 27 24 23 96 
Infected I i Í 2 5 
Incidence 5% 4% 4% 976 5% 
Biliary 29 31 33, 38 131 
Infected 1 0 I I 3 
Incidence 3% — 3% 3% 2% 
Colonic 54 47 46 43 190 
Infected 1 l 3 3 8 
Incidence 2% 2% 796 796 4% 
Totals 100 100 100 100 400 
Infected 2 2 5 6 15 
Incidence 2% 2% 3% 5% 496 
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-Table 3. Wound Infection 
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Table 4. Bacterial Contamination and Wound Infection 








Antibiotic Begun Operative Culture of Wound 





Area and Peritoneum 
of 8—12 hr | hr 1-4hr Never 
Operation Preop | Preop  Postop Given Totals Antibiotic Pcsitive Positive Negative 
Begun Culture Staph. Culture 
Gastric 22 27 24 23 96 
Infected I I 4 5 11 Preoperative 96 13 104 
Incidence 5% 4% 17% 22% 1196 Infected Fj l 0 
Biliary 29 31 33 38 131 Incidence 796 896 0% 
Infected I 0 3 4 8 Postoperative 53 10 45 
Incidence 396 — 9% 1196 6% Infected 13 3 i 
Colonic $4 47 46 43 190 Incidence 24% 30% 2% 
Infected 3 3 7 7 20 Never given 49 12 51 
Incidence 6% 6% 15% 16% 11% Infected 14 3 1 
Totals 100 100 100 100 400 Incidence 29% 25% 2% 
Infected 4 3 14 15 36 
Incidence 4% 3% 14% 15% 9% 


Bacterial Contamination 


Exactly half of the patients had positive cultures of the 
wound and/or peritoneum at the time of operation; and, 
of these, 35 or 17.5% had Staphylococcus aureus as one 
of the bacterial contaminants (Table 4). Preoperative 
antibiotic prophylaxis gave a wound infection rate of only 
796 in those patients with culture proven contamination; 
while postoperative cefazolin administration or no anti- 
biotic treatment at all produced infection rates of 2496 
and 29%, respectively, for the same degree of bacterial 
contamination. The incidence of wound infection due to 
Staphylococcus aureus was similarly affected in both 
treatment groups by the action of preoperative prophy- 
lactic therapy. 

A striking contrast to this increased incidence of in- 
fection was the exceedingly rare development of inci- 


sional sepsis when all intraoperative wound as well as 
peritoneal cultures had been negative (Table 4). 

Although the majority of bacterial isolates recovered 
from organs of operation could be classified as gram- 
negative rods, such species were even more predominant 
in operations on the colon (Table 5). In addition, 
anaerobes and Enterococcus were also plentiful in the 
colonic flora. Antimicrobial sensitivity of the 790 
aerobic isolates obtained at operation was 74.896 to the 30 
mcg cefazolin disc. On the other hand, the actual and 
not just potential contaminants (i.e., isolates from the 
wound and/or peritoneum alone) had a much greater 
susceptibility to cefazolin (91.2%) (Fig. 2). Aerobic 
bacteria cultured from all complicating wound and 
peritoneal infections, however, had sensitivities that 
averaged only 39% (Table 5 and Fig. 2). 

The total number of bacteria contaminating the wound 
also appeared to influence the likelihood of subsequent 


TABLE 5. Bacterial Sensitivities to Cefazolin: Testing to 30 mcg Antibiotic Disc. 





Gastric Isolates Biliary Isolates 
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Colon Isolates Total Initial Infection Isolates 
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Per cent Per Cent Per Cent Per Cent Per Cent 
Species Isolated Number Sensitive Number Sensitive Number Sensitive Number Sensitive Number Sensitive 

E. coli e 49 47 31 30 159 137 239 90% 18 61% 
E. species 4 2 2 2 8 6 14 71% — — 
Klebsiella-Enterobacter 6 5 2 2 16 15 24 92% 8 38% 
Klebsiella species 32 . 31 13 12 58 54 103 94% 8 759€ 
Proteus mirablis 13 12 3 3 17 16 33 94% 4. 50% 
Proteus species 8 I 2 0 38 10 48 23% 12 68% 
Pseudomonas 6 0 0 — 21 0 27 0% 7 0% 
Other G-neg rods 13 13 8 4 7 6 28 82% 10 10% 
Staph aureus 24 24 36 34 33 32 93 97% 11 64% 
B. Streptococcus 3 3 I I 2 2 6 100% — — 
Enterococcus + 43 22 18 4 205 54 266 30% 22 9% 
Misc. aerobes 4 4 0 — 5 3 9 18% — — 
Bacteroides 23 b 6 t 52 * 81 * 2 * 

Eubacteria 13 * 4 = 32 = 49 * i * 

Pepto & Peptostrepto 17 * 3 * 16 ii 36 x l = 

Clostridia 10 i 5 * 21 * 36 * — * 

Misc. anaerobes 79 * 27 * 69 * 175 k 18 $ 

C. albicans 3 * 0 i 6 * 9 . 0 * 


* Sensitivities not run. 
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Pre-operative Post-operative Never Given 
TIME OF BEGINNING ANTIBIOTIC 


Fic. 2. Antibiotic sensitivities of the bacterial isolates. Bacterial 
susceptibility to 30 mcg discs of cefazolin is charted according to 
time of initiating antibiotic therapy. Shaded bars represent results ob- 
tained from taking initial isolates, while the clear bars reflect sensitivities 
of bacteria cultured from subsequent wound and/or peritoneal 
infections. 


infection (Fig. 3). This was especially true in patients 
not given preoperative antibiotic or in whom cefazolin 
administration was delayed until the patient had reached 


.the recovery room. Nevertheless, antibiotic therapy in 
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no way altered the infection rate when the contaminat- 
ing bacteria were already resistant to the antimicrobial 
agent given, i.e., cefazolin. 

This relationship of number of bacterial species to 
incidence of complicating infection was dramatically re- 
flected in the culture data as well as the disease process 
for which gastric operations were done (Table 6). Hyper- 
acidity was associated with a relatively sterile stomach 
lumen and accordingly resulted in only a single postopera- 
tive infection. Such contrasted strikingly to the 30% 
average infection rate when surgery was performed for 
gastric cancer or a benign gastric ulcer. 


Cause of Infection 


All seven of the wound infections occurring in pa- 
tients who received preoperative antibiotic could be ex- 
plained, at least on theoretical grounds, by a wound and/or 
peritoneal contamination by cefazolin-resistant bacteria 
(Table 7). One of the patients, in addition, had an anti- 
biotic concentration in his subcutaneous fat which might 
well be deemed insufficient for the control of an inoculum 
containing otherwise susceptible pathogens. 

Patients who never received preventative antibiotic 
or whose antimicrobial therapy was begun in the post- 
operative phase had infection rates, specifically due to 
cefazolin-resistant bacteria, that were almost identical 
to what had been noted for the preoperative treatment 
groups (Table 7). However, none of the tissues of the 
late or not-treated patients contained antibiotic—a 








CEFAZOLIN NEVER OR 
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O-O Cefazolin resistant 





@—l Cefozolin sensitive 
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TABLE 6. Wound Infection After Gastric Surgery: Influence 
of Indication for Operation 








Number Infected Incidence 
Duodenal ulcer 48 1 206 
Gastric ulcer I4 á 29% 
Gastric cancer 13 4 31% 
Pancreatic pseudocyst 17 Í 6% 
Other 4 1 2596 


situation to be expected when cefazolin was not circulat- 
ing in the blood —and thus provided a plausible explana- 
tion for subsequent infection due to cefazolin-susceptible 
microbes. 


Antibiotic Resistance 


Although 75% of aerobic bacteria colonizing the visceral 
contents (Table 5) and 9196 of aerobic isolates initially 
obtained from the incision and/or peritoneum (Fig. 2) were 
sensitive to the action of cefazolin, antibiotic therapy 
reduced this rate of drug susceptibility to 3995 for 
those bacteria responsible for subsequent wound infec- 
tion. This was true for all patients receiving preventive 
therapy, irrespective. as to whether the antimicrobial 
had been started before or after surgerv. However, if 
cefazolin had never been given, the percentage of anti- 
biotic sensitive isolates was approximately the same as 
had been noted from bacteria initially cultured from the 
incision and/or abdominal cavity at the time of operation 
(Fig. 2). 


Other Infections 


The likelihood of infection developing in areas outside 
the wound and peritoneum was not significantly altered 
by antibiotic administration, even though the number of 
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such infectious complications developing was least for the 
group receiving antibiotic just an hour prior to operation 
(Table 8). : 

No adverse reactions were noted, either locally or 
systemically, from the use of cefazolin. Likewise, there 
was not a single case of drug allergy. 


Financial Considerations 


Tabulation of the average number of postoperative days 
required by all patients revealed that an incisional in- 
fection was associated with an extra 15.6 hospital days 
(Table 9). At a per diem rate of $80.00 a day, the 
minimal additional expenditure for a single wound 
infection was $12,048.C0 per patient, exclusive of all 
supplemental laboratory tests, drug thérapy, and second 
operations. 

If financial considerations were, instead, analyzed ac- 
cording to therapy group, a significantly different pattern 
became apparent (Table 10). The average excess post- 
operative stay was 1.5 days for patients beginning 
cefazolin postoperatively and 2.9 days for those never 
receiving the antibiotic in comparison to the two pre- 
operative treatment groups. Such additional hospital days 
increased the total hospital cost by $120.00 and $232.00 
per patient, respectively. By contrast, the cost of pre- 
ventive antibiotic therapy was negligible, that is, only 
$13.47 per patient. 


Discussion 


Three basic factors, acting singly or in combination, 
appear to be responsible for the development. of a 
postoperative wound infection. These are: 1) a bacterial 
inoculum of sufficient numbers as well as of necessary 
virulence; 2) a local substrate upon which the con- 


TABLE 7. Reasons for Postoperative Wound Infection 


8-12 hr 
Cause/relationships Preop 
Total number of infections 4 


Bacterja resistant to antibiotic 
Isolates from organ 4 
Isolates from peritoneum 4 
Isolates from wound 3 
Insufficient antibiotic concentration 
In tissue m 


In blood 
Peripheral 0 
Portal 0 
Other or unknown i 





Antibiotic Begun 


1 hr 1—4 hr Never 
Preop Postop Given Totals 

3 14 15 36 
2 4 5 15 
3 3 6 16 
2 3 7 15 
| 14 15 30 

14 15 29 
I 14 15 30 
l l1 11 24 
0 14 15 29 
0 i4 15 29 
I 2 1 5 


- 
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TABLE 8. Infections Outside the Area of Operation 





Antibiotic Begun 








^ Area 
of 8-12hr ihr 1-4hr Never Inci- 
Infection Preop  Preop Postop Given Totals dence 

Patients 100 100 100 100 400 

Urinary 10 12 7 q 36 9% 
Pulmonary 4 0 3 3 10 3% 
Bacteremia 2 0 4 2 8 2% 
Other ] I 4 5 11 3% 
Totals 17 13 18 17 65 16% 





taminating microbes can live as well as propagate; and 
3) some impairment, be it local or systemic, in host 
resistance. 

Preoperative measures, such as intestinal cleansing, 
antiseptic skin preparation, and operation within a 
relatively sterile environment represent attempts at reduc- 
ing the absolute quantity of the bacterial inoculum. 


“ However, once contamination has occurred, the size of 


the inoculum still can be diminished by a careful wound 
toilet with removal of all gross material and then the 
selective application of some topical antibiotic.!! On the 
other hand, creating a wound that is less hospitable to 
bacterial colonization and thus to subsequent infection 
is primarily a product of the dedication and ability of 
the surgeon. It is his technical skill, meticulous atten- 
tion to detail, and gentle handling of tissues that curbs 
the amount of clot and cellular necrosis and thus the 
ready availability of nutrition to any bacterial inoculum. 
In this setting, the prophylactic role of a parenterally 
administered antibiotic is merely to increase local tissue 
resistance against the majority, if not all, of the in- 
vading pathogens. This it appears to do quite effectively, 


7 even though certain limitations are to be expected and 


specific requirements must be met.13-75,7-10 

Prophylactic antibiotics have been documented to be of 
considerable value in reducing the incidence of wound 
infection in several areas of surgery.5?57-!? Many of 
these claims have true scientific merit and are based upon 
prospective, randomized trials of antibiotic versus a 
placebo. Unfortunately, however, there are approxi- 
mately 50 poorly-founded and retrospectively reviewed 
*'testimonials"' for every one controlled and statistically 
significant study. 

Without doubt, the hallmark is the report by Polk and 
Lopez-Mayor.'? Their studies on elective colon surgery 
demonstrated a highly significant reduction in wound 
infection rate whenever cephaloridine was given just 
prior to operation. Later investigators have followed suit 
and, using the same or entirely different antibiotics, 
have shown remarkably good results in more distant 
anatomical areas, such as with operations on the biliary 
tract,? hysterectomy,^* compound fractures,® and clean 
orthopedic surgery.?? The one consideration that all 
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TABLE 9. Hospital Economics 


ce erent a menn 





Wound No wound 

Infection Infection 
Patients 36 364 
Postop hospital days 931 3736 
Average postop days 25.9 10.3 
Average excess days 15.6 


Minimal excess cost $1248.00 per patient 


($80.00 per diem) 





authors have stressed, without exception, is that the anti- 
microbial agent must be started prior to operation. Post- 
operative initiation of antibiotic therapy has appeared to 
be of no true benefit in reducing the incidence of wound 
sepsis, only in making such infectious complications 
less lethal and perhaps more confined to a given region 
or compartment.!! 

At present, prophylactic antibiotic therapy seems indi- 
cated whenever: 1) the consequences of wound infec- 
tion are uniformly disastrous, even though the occurrence 
of this sepsis is uncommon; 2) the incidence of wound 
infection is great, yet seldom does it ever threaten life 
or limb; and 3) the patient has such an extreme impair- 
ment in host defense mechanisms that any infection, 
no matter how minor, has a propensity for becoming 
systemic and thereby fatal. 

Accordingly, the benefits to be accrued from a pre- 
ventive antibiotic program include reductions in both 
morbidity and mortality. Additional and certainly less 
humane-sounding advantages are a conservation of 
hospital bed space and the potential for great savings in 
moneys to be expended for individual patient care... 

The application of prophylactic antibiotics to clinical 
practice should be based solely on need. This can be 
identified only through an effective hospital surveillance 
program, whereby operative cases are followed and the 
incidence of postoperative sepsis for a given surgical 
procedure is then calculated.at relatively frequent inter- 
vals. However, it must be emphasized that preventive 
antibiotics can never substitute for excellence in opera- 
tive skills, patient and procedure selectión, thoroughness 
of postoperative care, and, most important of all, operat- 
ing room hygiene. 


TABLE 10. Cost Comparisons 


Preop Postop No 
Antibiotic Antibiotic Antibiotic 
————  —À s —— S OÓ,— Sá —( (o 
Patients 200 100 100 
Postop hospital days 2113 1208 1346 
Average postop days 10.6 12.1 13.5 
Average excess days Per patient 1.5 2.9 
Minimal excess cost Per patient $120.00 $232.00 
($80.00 per diem) 
Cost of antibiotic $13.47 $13.47 Per patient 
Excess expenditure 
per patient $13.47 — $133.47 $232.00 
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Once the need for prophylactic antibiotic has been 
justified because of a proven significant incidence of 
wound infection after surgery in a certain area or opera- 
tion for a specific patient condition, the responsible 
bacteria must then be tabulated as a part of the same 
surveillance procedure. From such data, plus informa- 
tion available from both the literature as well as the 
hospital laboratory on antimicrobial sensitivities of these 
responsible pathogens, several antibiotics can be intelli- 
gently evaluated for possible use in a preventive 
program. Prime considerations are: 1) a reported as well 
as the individual hospital experience confirming specific 
antibiotic effectiveness against the anticipated path- 
ogens; 2) lack of toxicity and rare allergic reactions; 
3) a tissue distribution that will permit the antimicrobial 
agent to reach those body areas with a known predilec- 
tion for postoperative infection and in concentrations 
known to be effective; 4) an established time/dose/route 
relationship that will assure antibiotic tissue levels at 
the time of anticipated contamination‘; 5) elimination of 
all antimicrobial agents which presently serve (or have 
no immediately available substitute) as first choice anti- 
biotics for the more usual postoperative infections, such 
as those of the wound or peritoneum; and 6) expected 
cost of preventive drug therapy for each individual 
antibiotic under consideration. 

From such information, a practical selection as to 
specific antibiotic for a given operation can then be made. 
In the future, cephalosporins will probably be the single 
group of drugs most commonly employed, although re- 
quirements will indeed vary from hospital to hospital be- 
. cause of entirely different infectious problems to be over- 
come. Thus, considerable variation in the exact prophy- 
lactic antibiotic program should be expected and even 
encouraged. Nevertheless, it is extremely important that 
preventive treatment not be abused. Otherwise, surgical 
skills will deteriorate; and antibiotic-resistant microbes 
may then become even more dominant in the standard 
hospital flora than they now are.” 


H Conclusions 

Antibiotic prophylaxis against sepsis following elective 
surgery has appeared indicated whenever likelihood of 
infection is great or consequences of such, though rare, 
are catastrophic. For better clarification, the value of pre- 
ventive antimicrobials was assessed in a prospective, 
randomized, double-blind study of 400 patients under- 
going elective gastric, biliary, and colonic operations. 

There were four treatment categories, with antibiotic 
(cefazolin) being instituted: 1) 12 hours preoperatively; 
2) just prior to- operation; 3) just after operation; or 4) 
never. The placebo could be distinguished only by 
breaking the numbered code. During operation, samples 
of peripheral and portal venous blood, visceral secretions, 
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organ resected, abdominal muscle and subcutaneous fat 
were taken for determination of antibiotic concentra- 
tion. Both aerobic and anaerobic cultures were also 
taken of any hollow viscus entered, peritoneal cavity, 
and abdominal incision at closure. Similar cultures were 
run on all postoperative infections. 

Results demonstrated that the incidence of wound in- 
fection could be cut significantly by timely administration 
of prophylactic antibiotic in operations on the stomach 
(22% to 4%), on the biliary tract (11% to 2%) and large 
bowel (16% to 6%), all with P values of .01. Less 
impressive results, though almost as significant (P = 0.05), 
were obtained for peritoneal sepsis. However, for pro- 
phylaxis to be successful, the antibiotic had not only 
to be effective against anticipated bacterial con- 
taminants, but present in the circulating blood and, more 
especially, in local tissues at the time of contamina- 
tion. Indeed, initiation of antibiotic postoperatively gave 
almost the same wound infection rate as if antibiotic 
had not been given at all (15% and 16%, respectivelv). 

Evolution of antibiotic resistant bacterial strains and 
greater hospital economy in beds and money were addi- 
tional important considerations. 
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Dr. PAUL NEMIR, Jr. (Philadelphia, Pennsylvania): We also 
routinely use antibiotics preoperatively in colon surgery, and particularly 
in major vascular procedures. I would like to emphasize another 
area in which we believe antibiotics are important as a. prophylaxis 
against sepsis. There is ample evidence of its value, experimentally 
at least, and probably clinically, in such conditions as strangulation 
intestinal obstruction and acute pancreatitis. We believe it is equally 
important in prophylaxis against sepsis in prolonged low-flow states 
which may result from a multitude of causes. 

The migration of bacteria] and/or deleterious substances through the 
intestinal wall is largely dependent upon the integrity of the mucosal 
layer. The gross and histologic changes in the dog gut in severe 
hemorrhage shock is well known. The occult, punctate areas of mucosal 
destruction throughout large portions of both animal and human gut 
following a protracted low-flow state are, we believe, less well 
appreciated. 

A number of variable factors, such as the length of existence 
and severity of the low-flow state and the intraluminal contents will 
influence when the mucosal destruction occurs, and it is likely to take a 
considerable number of hours. Gross examination of the opened 
intestinal tract is generally not impressive, except for varying degrees of 
hyperemia. On histologic examination, however, multiple areas of 
mucosal destruction are clearly apparent, and migration of bacterial 
organisms across the gut wall is frequently seen. 

These are photomicrographs of an animal in which the blood 
pressure has been maintained at around 60 mm Hg for around 8 to 10 
hours. While the mucosal architecture is largely intact there are 
multiple areas of destruction of the villi in microscopic areas, and 
on the Gram stain, migration of bacterial organisms across the gut 
wall may be seen. 

The beneficial effect of antibiotic administration in preserving 
mucosal integrity in ischemic bowel, whether due to strangulation or 
low-flow, has been demonstrated in previous studies, including those a 
number of years ago by Isidore Cohn. ]t is for this reason that we 
advocate its use. 


Dr. JERE W. Lorp, JR. (New York, New York): Dr. Stone and his 
colleagues have presented data which may well be a milestone in 
lessening the incidence of unpleasant, expensive and occasionally 
dangerous postoperative wound infections. A similar study by Dr. 
Judd several years ago on the value of preoperative antibiotic bowel 
prep had considerable influence on the way surgeons manage patients 
undergoing elective bowel operations. 

A study that we have been doing approaches a different group of 
patients, namely, clean arterial surgical procedures and clean major 
general surgical procedures; and the antibiotic is used in a different 
fashion, as a lavage of the wound during the procedure from the 
beginning to the end of the operation. 

Some of my friendly critics, in discussing this informally, have 
commented that they could not even remember the last time they had a 
wound infection in a clean case. I refer them to the careful study of Dr. 
Altemeier and his group, done in 1964 and published in Annals of 
Surgery: in clean cases similar to these there was a 3% postopera- 
tive hospital wound infection. 

And, secondly the reaction of many surgeons is that if you use 
antibiotics, this may lessen our careful technique, and we may cut 
corners so that the ultimate value will be lost. I think antibiotics 
are merely an adjunct in the hope of preventing wound infections. 

Our study has been prospective in part and I will not discuss that; 
but for the retrospective part the information may be of interest. 

Since April of 1969 I have employed prophylactic antibiotic wound 
lavage during all arterial procedures, and for 5 years in all elective 
clean major general surgical procedures. For the first two or three years 
neomycin was used, and in the last years kanamycin and keflin in 0.196 
and 0.2% concentrations. So far, no harmful effects have been noted. 

The impetus for this study came from the observation that a 
continuous drip of neomycin solution through an in-dwelling catheter 
would salvage, occasionally, an infected arterial prosthesis or an in- 
fected endarterectomized artery. 

Prior to 1969, a consecutive series of 400 arterial procedures were 
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followed by two in-hospital infections and 4 late infections, appearing 
3 weeks to 10 months after discharge. Prior to 1971, 185 consecutive 
clean major general surgical operations were followed by three in- 
hospital wound infections, and no delayed infections. Since the onset 
of using the lavage, there have been 420 consecutive arterial 
procedures with no in-hospital infections, and one late one, 4 months 
postoperatively, in a groin incision of a 93-year-old man, in whom a 
femorofemoral Dacron prosthesis had been placed suprapubically to 
control incipient gangrene of one foot. The patient had been subjected 
during the prior 15 years to a left hemicolectomy through a long mid- 
line incision, and two suprapubic prostatectomies. The organism re- 
covered from the groin wound was a pure growth of Proteus 
mirabilis, which may have been lurking in the subcutaneous suprapubic 
area from one of the previous operations. 

In 215 general surgical procedures since 1971, there have been no 
in-hospital or late wound infections. John Ochsner in 1970 described 
experimental work in the canine with antibiotic lavage and hemolytic 
Staphylococcus aureus inoculation of wounds containing an arterial 
prosthesis. He showed the antibiotic group did far better experimentally 
than the controls. 

I believe, therefore, that our study, using different case material, 
confirms the excellent one that Dr. Stone has just presented, that 
antibiotics used properly are helpful adjuncts for the prevention of 
postoperative wound infections. 


Dr. EMERICK SziLAGYI (Detroit, Michigan): I cannot add sub- 
stantive information to that aspect of antimicrobial prophylaxis with 


which Dr. Stone's wellplanned, well-executed, and excellently 


presented study deals, but it might be instructive if I made a few 
very brief remarks on the value of the prophylactic use of anti- 
biotics in a surgical field in which the problem of the prevention of 
wound infections is more pressing than, perhaps, in any other field 
of surgical endeavor, that is, in surgery of the arteries. 

The background of the brief data I wish to summarize consisted of 
a study of infected prostheses in 2145 vascular operations which we 
reported to the Association in 1972. We made the observation that in 
this group of cases in which—and this must be emphasized— no 
antibiotic prophylaxis had been used, 7596 of the infections originated 
in groin wounds, and in 75% of the infections the offending 
organism was Staphylococcus aureus. 

As a result of this study, in 1972 we adopted a rigorous protocol of 
antistaphylococcal prophylaxis of pre-, intra-, and immediate postopera- 
tive intravenous administration of methicillin, very much according to 
the principles expounded by Burke. ' 

Recently circumstances obliged me to assume the task of evaluat- 
ing the usefulness of prophylactic antibiotics in preventing wound in- 
fection in vascular surgical procedures with prosthetic interplants. After 
an exhaustive bibliographic search, I confirmed that in spite of the 
universal use of antimicrobial prophylaxis, no properly conducted, i.e. 
double blind, randomized, prospective study had been published on this 
problem. 

As the best available approximation to such a study, I undertook to 
compare the incidence of wound infection in a groug of cases in our own 
clinical material in which the prophylactic antibiotic protocol had been 
in effect with a corresponding group of our preprophylaxis era. All 
grades of wound infections were included. 

This slide summarizes one of our more important findings. It must be 
pointed out that in this tabulation only those cases of wound infec- 
tion are included in which, according to the chart reviewer's best 
judgment, the infectious process had not been preceded by healing 
defects, such as skin necrosis, seroma, or hematoma, defects whose 
occurrence, obviously, is not influenced by antibiotic medication. 
In synthetic prostheses the rate of wound infection was 1.7% without, 
and 0.9% with prophylaxis. The corresponding figures in vein grafts were 
6.4 and 2.0%. In purely statistical terms, these differences are highly 
significant with P values of 0.001 and 0.005, respectively. Un- 
fortunately, the clinical significance of these findings is compromised by 
the circumstance that the classification of the two types of infection is 
dependent on subjective judgment. 

The results strongly suggest, but cannot be said to prove, that anti- 
microbial prophylaxis in these cases reduced the incidence of wound. 
infection. 
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Dr. DAN W. ELLrorTT (Pittsburgh, Pennsylvania): I would like to 
confine my remarks to the biliary tract aspect of this study. This is an 
area in which Dr. Stuart Chetlin, of Pittsburgh, and I accumulated 
some data two years ago. We studied the effect of preoperative 
cephaloridine on infection rates after biliary tract surgery using a 
prospective, controlled and randomized technique, but it was not a blind 
study. 

Our results agree entirely with those presented to you by Dr. Stone. 
However, we doubt that cephalosporin antimicrobials will reduce 
biliary tract infections to zero as shown in this preliminary experience. 
This is because we found that 20% of the organisms recovered from the 
biliary tree by intra-operative culture are resistant to this drug. However, 
cephalothin still appears to be the best single agent currently available for 
prophylaxis in biliary surgery. 

I am not yet convinced that prophylactic antibiotics of any type should 
bé applied to routine electivé cholecystectomy for uncomplicated 
gallstones. In this clinical situation approximately 85% of bile cultures 
are sterile, and sterile bile yields a postoperative irifection rate of ap- 
proximately 196 or less. 

In contrast, it is possible to identify a group of patients under- 
going biliary surgery who are at very high risk of infection, running 
wound infection rates from 27 to 40% including very serious intra- 
abdominal abscesses and bloodstream sepsis. These are patients with 
common duct stones, obstructive jaundice of any cause, or acute in- 
fected cholecystis, operated upon as an emergency. 

I would just like to ask Dr: Stone if he has stratified his biliary 
tráct data along these clinical lines? If so, does he agree with us that this 
high risk group of patients benefit much more than the average 
through the use of preoperative cephalin? 

I agree with Dr. Zollinger, who was kind enough to discuss our paper 
on this topic. He made a point that all of us will now have to pay 
attention to the reports of the bile cultures taken at operation. We 
agree, and believe this alone can take us all a step forward. 


Dr. WILLIAM: A. ALTEMEIER (Cincinnati, Ohio): The data and the 
figures which they have presented conform very closely to other 
studies which have been done, and which were reported at a series of four 
symposia conducted by the Committee on Control of Infections of the 
Prè- and Postoperative Committee of the American College of Surgeons. 

Id like to point out in. regard to those studies, which included 
those cited by Dr. Stone plus other randomized studies, particularly, 
three that were conducted in my department, also some studies reported 
by Davidson in Great Britain, in addition to Cruse's report from 
Canada. 

I'd like to point out that the incidence of infection reported in the 
ultraviolet study for operations that did not involve transection or re- 
section of one of the internal tracts was considerably less-—three- 
or fourfold less-—than those in which thé operation did include tran- 
section, perforation, or resection of one of the viscera containing the 
bacteria. The incidence of infection for hernioplasty was 1.9 in the ultra- 
violet study; thyroidectomy, 2.2; hysterectomy, after transection of the 
vagina, was 6.1; cholecystectomy was 6.9%; partial colectomy, 10; 
subtotal gastrectomy, 10.1; appendectomy, 11.4; nephrectomy, 17.3; 
and radical mastectomy, 18.9. 

As a result of the various studies presented at the four symposia, 
the Chapter 11 in the manual, which, hopefully, will be out this 
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month, or the beginning of next month, recommends the use of 
prophylactic antibiotic therapy in the following categories: In the clean- 
contaminated type of operation in which the gastrointestinal or respira- 
tory tracts are entered without significant spillage, or with spillage; ~ 
gastrointestinal and respiratory tracts not entered, when transéction of 
the appendix or cholecystic duct is considered clean-contaminated, in 
the absence of acute inflammation; entrance into the genitourinary or . 
biliary tracts in clean-contamirated, in the absence of infected urine 
or bile; and then, minor breaks in technique. l 

Pd like to point out also that the figures of the rate of infection 
when the antibiotic is administered immediately befote operation or 
within a 12-hour period are almost identical in the figures reported by 
Dr. Stone and in our randomized studies. 

As a result, since 1958 I have been using antibiotics for colon 
resections or penetrating wounds of the abdomen, and this category 
of patients which you see on this slide starting at least two hours 
before operation, and continuing during the operation and for one or two 
days postoperatively. 

It is, I think, critical to realize, as Dr. John Burke, of Boston, 
has pointed out, and we have pointed out in our studies, that a period 
of 6 hours is critical; that if antibiotic therapy is delayed for as long as 
6 hours, one can anticipate marked reduction in the prophylactic 
effect —6 hours after contamination of tissues by infecting bacteria. 


Dr. H. H. STowE (Closing discussion): Dr. Nemir mentioned the 
use of antibiotics in low-flow states. For such, antibiotic must be" 
delivered long ahead of time, because any great impairment in local 
tissue perfusion leads to a lower concentration of antibiotic in the tis- 
sues than would otherwise be the case. One wonders whether this is 
really prophylactic, or whether it is indeed entirely therapeutic, as for 
example, in gangrenous intestinal obstruction. 

Dr. Lord brought up an example of how one may demonstrate a 
benefit from delivering the antibiotic topically. In other words, if circula- 
tion is impaired or there is delay in administering antibiotic, the 
topical route can be used to good advantage, that is provided the anti- 
biotic is pehetrable. 

I was very impressed with Dr. Szilagyi's figures, because he certainly 
has had à very low infection rate without the use of antibiotics. 
However, the addition of antibiotiz prophylaxis did significantly improve 
his results. 

Dr. Elliott brought up an important point. In elective -biliary tract 
surgery, prophylactic antibiotics are not always indicated. Neverthe- 
less, we are often uncertain as to whether we are going to explore 
the common duct. The operative cholangiogram then demonstrates a 
stone in the common duct, and we would then have wanted to have given 
the antibiotic before hand; yet now it is a little bit late. If we could be^ 
absolutely certain in such cases, then selection of prophylaxis would 
be much more exact. 

I do want to stress the fact, thcugh, that prophylactic antibiotics are 
no substitute for good operating room hygiene. Unfortunately, how- 
ever, this may be one of the bad aspects of their use. 

I appreciate Dr. Altemeier's comments, as his classification is a very 
useful one and certainly indicates when prophylactic antibiotics should 
be employed. Prophylaxis means ahead of time, and that, then, means 
the antibiotic must be in the tissues prior to contamination. It is the 
one thing at the present time that we can do to increase host resistance. 
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In the absence of a prospective randomized study of patients 
treated conservatively or with thymectomy, a computer-assisted 
retrospective matched study was devised. Of 563 patients treated 
for myasthenia gravis without thymoma up to 1965, 104 had 
thymectomy. With computer assistance, each surgical patient was 
matched with a medical patient on the basis of age, sex, and 
severity and duration of disease. On this basis 80 of the 104 
surgical patients could be matched satisfactorily. There were 16 
males and 64 females in each of the matched surgically treated 
and medical control groups. A complete remission was experi- 
enced by 27 of the 78 patients in the surgical group as com- 
pared to 6 of the medical group. Improvement was noted by 26 
of 78 surgically treated patients and 13 of 78 receiving medical 
treatment. Survival curves show a significantly better chance of 


,, "long-term survival for patients having thymectomy. Thirty-four 


patients in the medical group had died as compared to 11 in the 
surgical group. Comparison of survival in relation to sex, dura- 
- tion of symptoms, or age («30 or >30 years) did not show a 
significant difference. Until more effective treatment is avail- 
able for myasthenia gravis, thymectomy deserves consideration 
for both sexes, and with increased age or long duration of 
symptoms. 


HYMECTOMY in the treatment of myasthenia gravis 

has gained surprising acceptance whereas the etiology 
of the disease has been so elusive and the basis for 
operation so empirical. The impetus provided by the re- 
port of Blalock and àssociates? in 1939 has been sus- 
tained in spite of conflicting reports over the selection 
of patients for surgery and the relative value of medical 
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and surgical treatment. Good efforts to compare these two 
modes of therapy have been published®*®!*- but all 
lack the virtues of a randomized prospective study. With 
the certain knowledge that such a study would not be 
entertained in our institution and in an effort to improve 
retrospective review, we have selected matched groups of 
medically and surgically treated patients with computer 
assistance. | 
The retrospective selection of patients for review 
was made more palatable by the fact that all of the pa- 
tients had been examined by a few neurologists with 
special interest in myasthenia gravis and with a uni- 


form method of assessment. A 


Materials and Methods 


Five hundred sixty-three patients treated at the Mayo 
Clinic up to 1965 for myasthenia gravis and without evi- 
dence of thymoma were studied. Complete followup data 
to 1969 were available on all these patients. Patients 
less than 17 years of age at the onset of disease were 
excluded from the study, results of treatment for this 
group having been reported earlier." Of 563 patients, 
104 had undergone thymectomy as part of their treat: 
ment of myasthenia gravis. All thymectomies were 
carried out by median sternotomy. 

Using the IBM 370 computer, we matched each surgical 
patient with a medical patient according to age and sex 
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TABLE l. Age Distribution by Decades and Sex of 160 Patients 
With Myasthenia Gravis 


Surgical Group (80) 
Age (yr) M F M F 


17-20 3 16 3 16 
21-30 2 29 PA 29 
31—40 5 13 5 B 
41-50 4 4 4 4 
51-60 0 2 0 2 
>60 2 0 2 0 


as well as severity and duration of disease. Medically 
treated patients who most closely matched the surgical 
patients were selected by the computer. With these 
criteria, 80 surgical patients could be matched satis- 
factorily with a medically treated patient. The present 
status of the 160 patients in the two matched groups 
was ascertained by reexamination and written question- 
naire with or without a telephone call to the patient 
and home physician. 

Each patient was classified in one of the five follow- 
ing categories depending on the present status: 1) remis- 
sion; 2) improved; 3) unchanged; 4) worse; and 5) dead. 
Remission occurred when the patient required no medica- 
tion and had no symptoms of myasthenia gravis except 
in rare instances when a mild inconstant deficit was 
present. The patient was considered improved if less 
medication was required than on the previous clinic 
evaluation and if the handicap from the disease was less. 
If the changes were minimal or equivocal, the status was 
considered unchanged. Death was designated as related 
to myasthenia gravis if it occurred after progressive weak- 
ness and respiratory failure in the absence of other sig- 
nificant disease. 


Clinical Features 


Each group—the surgically treated group and the 
medical control group—had 16 males and 64 females. The 
average age at onset of myasthenia gravis was 29 years 
for the surgical patients and 30 for the medical patients. 


Table 1 shows the distribution of the patients by age and - 


by sex. 
Seventy-eight of the patients in each of the matched 


TABLE 2. Physical Signs 


Surgical Group Medical Group 


Findings (80) (80) 
Ocular weakness 73 65 
Throat weakness 65 64 
Upper extremity weakness 72 55 
Lower extremity weakness 58 45 
Trunk weakness 46 28 
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TABLE 3. Status (to 1974) in Matched Groups 


Surgical Group Medical Group 

Status (80) (80) 
Complete remission 27 6 
Improved 26 I5 
Unchanged 3 7 
Worse 1 5 
Dead 21 47 
Myasthenia gravis Fi 34 
Other causes 10 13 
Lost to followup 2 2 


groups had moderately severe symptoms of myasthenia 
gravis. Only two patients had ocular symptoms alone, 
which would not be an indication for thymectomy 
according to our present philosophy. Table 2 shows the 
distribution of weakness found on physical examination 
in each of the 160 patients when they were first seen 
at this clinic. 


Results 


Complete remissions were noted in 27 of the thymecto- 
mized patients and in only 6 of those treated medically 
(Table 3). Another 26 of the surgical patients were im- 
proved as compared to 13 of the medical group. Five of 
the medical patients but only one of the surgical pa- 
tients were worse. The average duration of followup 
for those alive to 1974 in the surgically treated pa- 
tients was 19.5 years compared to 23 years in the med- 
ically treated group. Twenty-one of the surgical group 
have died, myasthenia gravis being the cause of death 
in 11. The hospital (postoperative) mortality rate was 6%. 
Forty-seven patients in the medical group have died, 34 
because of myasthenia gravis. The average time of death 
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after onset of myasthenia gravis in the medical pa-~y 


tient was 7 years as compared to 10 years for the 
surgical patient. 
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A more accurate way of interpreting the effect of 
surgery on patients having myasthenia gravis is to analyze 
the statistical differences in their survival by drawing 
survival curves for the two matched groups. By this 
method of analysis, death due to causes other than 
myasthenia gravis has been regarded as the same as lost 
to followup at the time of death. Figure 1 shows that 
thymectomized patients have a significantly better chance 
of surviving 5 years (P = 0.003) and 10 years (P = 0.001). 

Age. In the surgically treated patients the survival was 
no different whether the onset of their symptoms was be- 
fore or after age 30. This lack of significance may be 
due to the small sample available for study. However, 
the survival rate was higher in both younger (P = 0.001) 
and older (P = 0.02) surgical patients compared to 
medical patients (Fig. 2). 

Duration of Symptoms. The duration of symptoms did 
not have a significant influence on long-term survival. 
Influence of Sex and Relationship of Thymectomy. In 
the matched surgical group, comparison of survival in 
relation to sex did not show any significant difference 
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Fic. 3. Survival curve. Influence of sex. 
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Fic. 4. Severe hyperplasia. Note total, or almost total, lymphoid 
tissue with prominent germinal centers (H & E x47). 


(Fig. 3). However, the survival experience of females was 
significantly better in the surgical group than in the med- 
ical group (P = 0.011). Although the males were also 
found to have a more favorable survival in the surgical 
group, this difference was not statistically significant, 
probably because of the small sample (16 patients). 


Histologic Aspects ° 


Thymic glands of 66 of the 80 surgically treated pa- 
tients were available for review. Microscopic features 
that were noted were the degree of hyperplasia, number 
of germinal centers, amount of calcium present in 
Hassall’s corpuscles, and number of clear cells. 

Hyperplasia was divided into three categories: severe 
thymic hyperplasia, atrophic or normal thymic glands, 
and moderate hyperplasia (which is intermediate between 
the two types) (Figs. 4 and 5). The longer survival of 
those patients with severe thymic hyperplasia (Fig. 6) was 
statistically significant (P — 0.02) compared to those with 
atrophic or normal glands. Similarly, the longer survival 
of those patients who had four or more germinal centers 
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Fic. 5, Atrophic or normal thymus. Marked to moderate replace- 
merit of thymic tissue by adipose tissue, with either no or few germinal 
centers (H & E x47). 


per low-power field (Fig. 7) was statistically significant 
(P = 0.01) compared with those with 0 to 1 germinal 
center. Other histologic criteria such as the amount of 
calcium in Hassall’s corpuscles or the number of clear 
cells did not influence survival. 
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Fic. 6. Survival curve. Hyperplasia. 
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Discussion 


A cloud of uncertainty has hovered over the empiric 
treatment of thymectomy for myasthenia gravis, but evi- 
dence has accumulated gradually to provide sustenance 
for such advice in selected patients. Although a rela- 
tionship between the thymus and myasthenia gravis was 
suggested by Weigert! in 1901, it was not until 1939 
that Blalock and associates? described delayed improve- 
ment in a patient with the disease who had a cyst re- 
moved from the region of the thymus. This was hardly a 
firm basis for surgical aspirations, but impetus for the 
surgical treatment of myasthenia gravis was certainly 
provided by that paper. Keynes?? of Great Britain was 
an early and firm advocate of thymectomy, and Clagett 
and Eaton?-5 of this clinic supported the concept with 
some conflict in results related to selection of patients, 
largely whether or not a thymoma was present. Surgical 
interest has been maintained, and reports of large groups 
of surgical patients have been compared to patients 
treated medically, with the general conclusion that 
thymectomy had the most to offer for the young female 
patient with myasthenia gravis of short duration.9:55:15 . 

Different correlations between thymic pathology and 
prognosis after thymectomy for myasthenia gravis have 
been reported. MacKay and associates" correlated 
the presence of thymic follicular hyperplasia with a good 
response to surgery and its absence to a poor response. 
Genkins and associates’ and Alpert and associates! 
found that delayed remission after thymectomy was re- 
lated to the presence of thymic hyperplasia and that 
patients with more germinal centers in their thymus sur- 
vived longer. In our study the longer survival of patients 
with severe hyperplasia was statistically significant. 

As suggested previously, comparison of these matched 
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groups indicates that thymectomized patients with ~e 


myasthenia gravis do have a significantly better chance 
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Fic. 7. Survival curve. Number of germinal centers. 
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for long survival. In the past we emphasized the im- 
proved candidacy of the young female with myasthenia 
gravis of short duration. Our present observations sug- 
gest that the guidelines for surgical treatment should be 
liberalized. The survival of patients 30 years of age or 
older treated by thymectomy probably does not differ 
from that of patients 30 years of age or younger, but 
both groups, regardless of sex, had considerably better 
survival rates than patients treated medically. The 
philosophy of offering early thymectomy to a greater 
range of patients with myasthenia gravis with respect to 
age, sex, and duration of disease has been expressed 


recently by others.” Improved management of respiratory | 


complications in patients with myasthenia gravis has 
resulted in significant improvement of postoperative 
morbidity and mortality. 

The cause of myasthenia gravis has been elusive, but 
evidence concerning the type of neuromuscular defect 
in the disease and its probable autoimmune nature 
stimulates association with the thymus, whose role in 
immunosurveillance, autoimmune disease, and neuro- 
muscular transmission has gained more and more experi- 
mental confirmation.’* Now purification of receptor pro- 
teins from the electric organ of the electric eel has 
been demonstrated as having the potential of inducing a 
state in experimental animals similar to myasthenia gravis 
in humans.'? It seems likely that future discoveries will 
permit the management of myasthenia gravis without 
surgical intervention but, for the present, the beneficial 
role of thymectomy for these unfortunate patients has 
been clearly demonstrated. It would seem extremely im- 
portant that we employ comprehensive prospective im- 
munologic surveillance of these patients in an effort to 
clarify the role of the thymus in myasthenia gravis. The 


] relative importance of antibody and cell-mediated im- 


- 
K 
X 


munity in the etiology of myasthenia gravis remains 
uncertain. 


DISCUSSION 


DR. EARLE WAYNE WILKINS, JR. (Boston, Massachusetts): I share 
with the authors of this excellent study their concern that con- 
firmation of the value of thymectomy in the treatment of myasthenia 
gravis has indeed been elusive. Our efforts at the Massachusetts 
General Hospital in justifying the procedure have been along the lines 
of a collaborative study with the Mount Sinai group in New York 
City, in which we have attempted to compare 267 patients under- 
going thymectomy with 417 treated medically. As in their study, we 
excluded all patients with thymoma. 

This slide is not as complex as it looks. These 225 patients survived 
long enough to have a comparison made. Along the left are the pre- 
operative classification, and across the top the final evaluation, (A) 
being a total remission, (1) pure ocular disease, (2) a mild systemic dis- 
ease, and so on in more increasing extremes of the disease. 

You will note that most of these patients are in moderate to 
severe systemic disease, or worse. The dotted squares on the diagonals 
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indicate the patients who were basically unchanged by surgery. All 
those above and on the right are worsened. Those below and on the left 
are improved. And at the bottom are the results. 

(Slide) Now, contrast this with the patients treated medically. Note 
that many more of these were of lesser extent of disease, and that the 
improved group really was a total of only 28%, as compared with the 80- 
odd per cent in the thymectomized group. 

Now, perhaps a better way of comparing our results with the present 
series today would be to include those who died and were otherwise 
lost to followup. Our total of remission or improvement, thus, is 7696, 
which compares very favorably with the figure$reported today. Our total 
death rate is 14%, which, as I calculated from the protocol, was: 
identical with theirs. 

There is no question that their computerized study is a far better 
approach to comparison of the thymectomized and the conserva- 
tively treated patients than ours, but I would ask the authors: Is this 
good enough? Have we totally eliminated bias? Have we totally dis- 
proved the possibility—as Henry Beecher, our chief of anesthesia, used 


_ to challenge us— *'is this a placebo operation?” 
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I would suggest that, the time, indeed, has come for a prospective, 
randomized study, and I would suggest that a broad collaborative ef- 
fort would speed the accomplishment of this information. 


Dr. WILLIAM H. MULLER, Jr. (Charlottesville, Virginia): Dr. 
Buckingham and his associates have clearly shown that survival is 
significantly longer in patients who have had thymectomy than in those 
treated medically, and we, of course, were familiar with the data just 
shown by Dr. Wilkins of the combined study with the Mount Sinai 
Hospital and the Massachusetts General Hospital, which indicated that 
the patients treated surgically do much better than those treated 
medically. ` 

All of this is of great importance because of the general dissatis- 
faction with the results of thymectomy throughout the 1940’s and 50's. 
Dr. Blalock himself felt very confused about this operation some 10 
years after he first performed it. In fact, Sir Geoffrey Keynes, of 
England, speaking before the Medical Society of London in 1954, chided 
his colleagues by saying: ‘There seems to be a tendency among 
writers of leading articles in journals of this country to try to discredit 
the surgical treatment of myasthenia gravis with douches of cold water 
drawn from the Mayo Clinic cistern, without attempting any critical 
examination of the essential differences in our approach.’’ Certainly 
this has been a very critical examination this morning. 

Also Keynes could not understand why his remission rate at that 
time was about 41%, while that of Grove and Blalock in Baltimore, 
and Eaton and Clagett at the Mayo Clinic was only about 8 to 15%. 

Our data support that observation by Alpert in 1970 that the re- 
mission rate may be correlated, to some degree at least, with the 
presence or absence of germinal centers, or hyperplasia of the gland. 
Those with few or absent germinal centers may have a more rapid 
remission rate than those with many. 

Our enthusiasm for thymectomy has been stimulated by the use of 
large dose corticosteroid therapy, along with cholinesterase in- 
hibitors when needed, to stabilize these patients before operation. This 
can be done tn most patients, and a state of remission can be es- 
tablished, so that the patient appears almost normal when he goes to 
the operating room. The morbidity is greatly reduced, the respiratory 
complications which accounted for death in so many of these 
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patients in the postoperative period are virtually nonexistent, and most 
of these patients are able to leave the hospital within about a week. 
We believe that nearly all myasthenic patients should have thy- 


mectomy, and tbat virtually all will develop remission, if one waits . 


long enough. That may be as long as 10 years, until the long-lived 
thymocytes, which have been shown by immunofluorescent studies to 
persist for quite long periods of time, disappear, and the immune 
competence of the B-cells is no longer maintained. 

I realize that this explanation is somewhat speculative and over- 
simplified, but it seems logical for this autoimmune disease. 

We believe very strongly that the sternum should be split only to the 
second intercostal space, and divided in the intercostal spaces, because 
the remaining sternum stabilizes these patients, and they do much oetter 
in the postoperative period. We do not believe that this procedure 
should be performed through the low cervical incision, as advocated 
by the group at The Mount Sinai Hospital. 


Dr. PHILIP E. BERNATZ (Closing discussion): The role of thymectomy 
in the management of myasthenia gravis was given a tremendous 
impetus by Dr. Blalock’s report in 1939. It is astounding because, 
in their original report, Dr. Blalock and his associates were very 
careful in their description and described a cyst in the region of the 
thymus. Thymic tumor was not seen in the cyst. The patient had a 
remission but it came many months after surgery. On the basis of this 
tentative information, the impetus was given to a surgical program in 
treating myasthenia gravis. As Dr. Wilkins implied, it has been difficult 
over the years to escape the thought that our surgical efforts were 
"part of a hoax.” 

We are not dedicated to the numbers that we have presented this 
morning. It has been an effort to look retrospectively at our data with 
more confidence. There is no question that a well-designed randomized 
prospective study is in order, but, for now, these data help us discuss 
thymectomy with these unfortunate patients and their families. At the 
present time it is exciting that an animal model closely simulating 
the human disease can be created so the etiology of myasthenia 
gravis seems more fathomable. In the meantime we must pursue our 
immunosurveillance of these patients diligently since so many leads con- 
cerning the nature of myasthenia gravis seem to be in this direction. 
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Patterns of Gastroesophageal Reflux in Health and Disease 


TOM R. DEMEESTER, M.D., LAWRENCE F. JOHNSON, M.D.,* GUY J. JOSEPH, M.D., MICHELE S. TOSCANO, M.D., 


Twenty-four-hour pH monitoring of the distal esophagus 
quantitates gastroesophageal reflux in a near physiologic setting 
by measuring the frequency and duration of acid exposure to the 
esophageal mucosa. Fifteen asymptomatic volunteers were 
studied with 24-hour pH and esophageal manometry. The 
normal cardia was more competent supine than in the upright 
position. Physiologic reflux was unaffected by age, rarely oc- 
curred during slumber, and was the rule after alimentation. 
One hundred symptomatic patients with an abnormal Z4-hour 
pH record (2 S.D. above the mean of controls) could be divided 
into three patterns of pathological reflux: those who refluxed 
only in the upright position (9), only in the supine position (37), 
and in both positions (54). Upright differed from supine re- 
fluxers by excessive aerophagia causing reflux episodes by 
repetitive belching. Compared to controls, they had excessive 
post-prandial reflux, lower DES pressure, and less DES exposed 
to the positive pressure of the abdomen. Supine differed from 
upright refluxers by having a higher incidence of esophagitis and 
an inability to clear the esophagus of acid after a supine reflux 


-episode. Compared to controls, they had only a lower DES pres- 


sure. Combined refluxers had a higher incidence of esophagitis 
than supine refluxers. Stricture (1576) was seen only in this group. 
They were similar to supine refluxers in their inability to clear a 
supine reflux episode. Compared to controls, they had a lower 
DES pressure and less DES exposed to the positive pressure 
of the abdomen. Forty of the 100 patients had an antireflux 
procedure (4 upright, 8 supine, 28 combined). The most 
severe postoperative flatus and abdominal distention was seen 
in the upright refluxers. It is concluded that minimal reflux is 
physiological. Patients with pathological reflux all have lower DES 
pressure. Patients with upright reflux have less of their DES ex- 
posed to the positive pressure environment of the abdomen. 
Patients with supine reflux have an inability to clear the esophagus 
of reflux acid and are prone fo develop esophagitis. Patients 
with both upright and supine reflux have the most severe dis- 
ease and are at risk in developing strictures. In patients with 
only upright reflux, aerophagia and delayed gastric emptying may 
be an important etiological factor. 


Presented at the Annual Meeting of the American Surgical Associa- 


tion, New Orleans, Louisiana, April 7—9, 1976. 
* Present address: Walter Reed Army Medical Center, Washington, 
D.C. 20012. 
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. From The Department of Surgery, 
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Quac pup: REFLUX is experienced occa- 
sionally by every individual, but in some its oc- 
currence reaches a level where it is responsible for symp- 
toms of heartburn and regurgitation. Not all these 
symptomatic individuals develop endoscopic esophagitis. 
The variable effects of gastroesophageal reflux have de- 
fied explanation until the development of 24-hour pH 
monitoring of the distal esophagus.? This test allows 
one to quantitate the degree of gastroesophageal reflux 
in a near physiological setting by measuring the fre- 
quency and duration of acid exposure to the esophageal 
mucosa and the length of time required to clear the 
esophagus of acid following a reflux episode. In addi- 
tion, it allows one to record the symptoms that occur 
simultaneously with an episode of reffux. It actually 
combines three tests in one. It is a quantitative 
pH reflux test, an acid clearing test, and an acid perfu-: 
sion test. In this study, 24-hour pH monitoring of the 
distal esophagus was used to evaluate the amount and 
character of gastroesophageal reflux that occurred in 15 
asymptomatic volunteers and 100 symptomatic patients. 
Three patterns of abnormal reflux were identified and re- 
lated to characteristics of the distal esophageal sphincter, 
the development of esophagitis, and the results of surgical 
antireflux procedures. 


Methods 


Twenty-four-hour pH monitoring of the distal esophagus 
was evaluated in two groups of individuals. The first 
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TABLE 1. Symptoms of Gastroesophageal Reflux 





Heartburn-(Flow of Gastric Contents into Esophagus) 


None —0- No heartburn 

Minimal —1- Occasional episodes 

Moderate — 2 — Reason for medical visit 

Severe -—3- Interference with daily activities 


Regurgitation-(Flow of Gastric Contents into Mouth) 


None -0- No regurgitation 

Minimal — 1 — Occasional episodes 

Moderate — 2 — Predictable on position or straining 

Severe ~ 3— Episodes of Pulmonary Aspiration 
Dysphagia 

None —0- No dysphagia 

Minimal — 1 — Occasional episodes 

Moderate — 2 — Required liquids to clear 

Severe — 3 — Episode of meat impaction requiring medical 


treatment 


Note: value for heartburn + regurgitation + dysphagia " total symp- 


tomatic score. 


group consisted of 15 asymptomatic volunteer subjects 
who gave no history of gastroesophageal reflux symptoms 
and had no prior history of antacid therapy or had not 
received an upper gastrointestinal series for digestive 
symptoms. They comprised elective admissions to Tripler 
Army Medical Center for an inguinal hernia repair and 
other non-gastroenterologic illnesses. 

The second group consisted of 100 consecutive pa- 
tients admitted to Tripler Army Medical Center or The 
University of Chicago Hospitals and Clinics with 
symptoms of heartburn and regurgitation and in whom an 
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abnormal 24-hour pH monitoring of the distal esophagus 
was-obtained. 

The technique of the 24-hour pH monitoring of the 
distal esophagus has recently been reported by the 
authors.? It consists of positioning a pH electrode 5 cm 
above the distal esophageal sphincter previously located by 
infusion manometry and a reference lead on the forearm 
using a technique that assures good electrical contact. Both 
the pH probe and the reference leads are connected.via a pH 
meter to a strip chart recorder running at 6 inches per hour for 
24 hours. The entire apparatus is housed in a movable cart 
at the bedside, allowing the patient freedom to move 
about. A normal diet is served during this period, unique 
only in the absence of food and beverages having a pH of 
less than 5. All the individuals are given a pencil to mark 
on the strip chart recorder any symptoms that occur, as 
well as their body position. Reflux was defined whenever 
the pH in the esophagus dropped to less than 4. From the 
24-hour record, the per cent time the pH was less than 4 in 
the distal esophagus could be determined for the total 24- 
hour period and for the time spent in the upright and ^ 
supine positions. In addition, the total number of reflux 
episodes and the duration of each reflux episode could be 
obtained from the tracing. From these data, one could 
calculate the number of reflux episodes per hour in the 
upright and supine position, and the average duration of an 
upright or supine reflux episode. The latter is considered 
esophageal clearance time, that is, the average time neces- 
sary for the esophagus to clear itself of refluxed acid. 
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Fics. 2a and b. Portion of 
a 24-hour esophageal pH 
monitoring record from 
an asymptomatic subject 
showing normal physiolog- 
ical reflux. A drop in pH 
below 4 is considered a re- 
flux episode. (Top) Note 
the absence of reflux while 
recumbent and alseep and 
the post-prandial reflux af- 
ter breakfast. (Bottom) 
Note the absence of re- 
flux while upright before 
dinner ànd the post-prandial 
reflux after dinner.: 


The normal values for the 24-hour pH monitoring were 
obtained from the 15 asymptomatic volunteer subjects and 
have previously been reported.? All patients with an ab- 
normal 24-hour pH study had a value greater than 2 stand- 
ard deviations above the mean value obtained in the 
volunteer subjects for per cent time the pH was less than 4 
in the upright or supine positions. 

Each individual in both groups underwent a manometric 
evaluation of his distal esophagus according to the tech- 
nique described by Winans using a single catheter as- 
sembly consisting of three fluid-filled, perfused, poly- 
ethylene tubes bonded together with three 2 mm lateral 
openings placed 5 cm apart at its distal end. The catheter 
was passed into the empty stomach like a nasogastric 
tube and withdrawn in 1 cm increments from the stomach 
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PHYSIOLOGICAL REFLUX 


AWOKE AND 
GOT OUT 
OF BED 


ATE BREAXFAST 





into the esophagus and up into the ericopharyngeus 
muscle. Using this technique, the location and the rest- 
ing pressure of the distal esophageal sphincter (DES), 
the location of the respiratory inversion point, the length 
of DES below the respiratory inversion point (abdominal 
esophagus), and the presence of abnormal motility repre- 
sented by repetitive, spontaneous, simultaneous, and/or 
powerful broad base esophageal contractions was ob- 
tained. The DES pressure was measured as the differ- 
ence in mm Hg between the resting end expiratory gastric 
pressure and the sphincter pressure at the respiratory 
inversion point. | 

The symptomatic patients were graded on a scale of 0 to 
3 for symptoms of heartburn, regurgitation, and dysphagia 
(Table 1). The grading was done prior to any objective 
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FREQUENCY AND DURATION OF REFLUX ERISODES 
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Fic. 3. Frequency and duration of upright and supine reflux epi- 
.sodes calculated from the 24-hour esophageal pH records from 
asymptomatic subjects and symptomatic patients with various patterns 
of reflux. i 


studies using a reflux questionnaire completed by one of 
the authors during an interview with the patient. 
The highest obtainable score was 9 and would represent 
a patient with heartburn that interfered with daily 
activities, episodes of pulmonary aspiration secondary 
to regurgitation, and dysphagia requiring hospital admis- 
sion for relief of meat impaction, 

Seventy-three patients of the 100 symptomatic patients 
underwent esophagoscopy to determine grossly the 
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Fic. 4. Portion of the 24-hour esophageal pH monitoring record 
from a symptomatic patient showing a supine reflux episode during 
sleep. Note the long duration the esophageal pH remains below 4 and 
its slow return to a normal pH of 5 to 6. 
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presence of esophagitis. The degree of esophagitis was 
scored as grade I for an erythematous and friable 
mucosa; grade II for esophageal ulceration; and grade III 
for the presence of a fibrous stricture. 

Forty of the symptomatic patients underwent an anti- 
reflux procedure consisting of 8 Belsey, 13 Hill, and 17 
Nissen repairs. At 4 months after surgery, these pa- 
tients had a followup esophageal manometry and 24- 
hour pH monitoring of their distal esophagus, and were 
evaluated for the presence of postoperative flatus and/or 
periodic episodes of abdominal distention. In regard to the 
latter, attempts were made to determine if the episodes of 
abdominal distention were of sufficient severity to merit 
the seeking of medical aid and/or decompression with a 
nasogastric tube. 

The T test was used for statistical comparison between 
the asymptomatic control subjects and symptomatic pa- 
tients, the various reflux patterns observed in the 
symptomatic patients, and the pre and postoperative 
test results. 


. f 


Results 


Twenty-four-hour pH monitoring of the distal esoph- 
agus in asymptomatic normal subjects shows that the 
gastroesophageal junction is more competent in the 
supine than the upright position (Fig. 1). Normal or 
physiologic reflux episodes are asymptomatic, rarely 
occur during slumber, and are common in the upright 
position, especially after alimentation (Figs. 2a and b). 
They are characterized by their short duration due to 
rapid clearing of the refluxed material from the esoph- 
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Fic. 5. Portion of a 24-hour esophageal pH monitoring record from 
a symptomatic patient showing upright reflux episodes with activities 
that cause increases in intra-abdominal pressure. Note the short : 
duration the esophageal pH remains below 4 and its rapid return toa , 
normal pH of 5 to 6. 
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Fic. 6a. Portion of a 24- 
hour esophageal pH mon- 
itoring record from a 
symptomatic patient with 
isolated upright reflux show- 
ing prolonged and severe 
post-prandial reflux. 


3:00am 


agus by swallowing (Fig. 3). The amount of physio- 
logical reflux is unaffected by age. 

Patients with symptomatic gastroesophageal .reflux 
can be divided into three distinct patterns of reflux 
based on 24-hour pH monitoring of the esophagus: those 
who reflux only in the upright position, termed up- 
right refluxers; those who reflux only in the supine 
position, termed supine refluxers: and those who reflux 
in both the upright and supine positions, or combined 
refluxers (Fig. 1). Of the 100 patients monitored, 54 
were combined refluxers, 37 were supine refluxers, and 
9 were upright refluxers. 

Supine and combined refluxers have supine reflux epi- 
sodes of long duration, indicating their inability to clear 
refluxed acid from the distal esophagus during sleep 
when little swallowing occurs (Figs. 3 and 4). 

During the day in the upright position, supine re- 
fluxers have statistically more reflux episodes per hour 
than control subjects, but these reflux episodes are 
cleared rapidly, and the total per cent time the pH is less 
than 4 in the upright position is similar to control sub- 
jects (Figs. 3 and 1). 

Upright and combined refluxers have upright reflux 
episodes of longer duration than control subjects, 
indicating their inability to clear refluxed acid from their 
esophagus following an upright reflux episode (Fig. 3). 
Upright reflux episodes usually occurred during activities 
which caused changes in intra-abdominal pressure and 
were more rapidly cleared from the esophagus by swal- 


^ lowing than supine reflux episodes (Fig. 5). Patients with 








8:00am 7:00am 
only upright reflux were unique in having prolonged and 
severe post-prandial reflux and excessive aerophagia (Fig. 
6, a & b). | | | 

The incidence and degree of symptoms of heartburn, 
regurgitation, and dysphagia are shown for each of the 
patterns of reflux in Fig. 7. Grade III heartburn was 
seen only in supine and combiried refluxers. Grade III 
regurgitation, that is, episodes of pulmonary aspiration, 
occurred with all patterns of reflux. Dysphagia occurred 


BELCHED BELCHED . BELCHED BELCHED 
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BELCHED 


FiG. 6b. Reflux episodes related to belching secondary to excessive 
aerophagia. 
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with all patterns of reflux, but meat impaction secondary DES pressure between patients with different patterns of 
to an esophageal stricture was seen only in the com- reflux (Fig. 8). The amount of the DES exposed to the 
bined refluxers. Occasionally, one was able to differ- positive pressure environment of the abdomen was signif- 
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All of the symptomatic patients, regardless of the reflux and the patients, regardless of their pattern of reflux, 
pattern, had a significantly lower DES pressure than the had the same degree and duration of DES relaxation on 
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Fic. 8. Distal esophageal sphincter pressure in asymptomatic sub- 
jects and symptomatic patients with various patterns of reflux. 
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Fic. 9. Amount of distal esophageal sphincter exposed to the posi- 
tive pressure environment of the abdomen in asymptomatic subjects 
and symptomatic patients with various patterns of reflux. . 
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Fic. 10. Incidence and degree of endoscopic esophagitis in sympto- 
matic patients with various patterns of reflux. 


the supine, and 31% of the combined refluxers had some 
manifestation of an esophageal motor abnormality. 

On endoscopy, there was a statistical difference be- 
tween patients with different reflux patterns and the pres- 
ence and degree of esophagitis. Supine refluxers had 
statistically more esophagitis than upright refluxers, and 
combined refluxers had statistically more esophagitis 
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than supine refluxers (Fig. 10). Only grade I esophagitis 
was seen in upright refluxers and stricture was only 
seen in combined refluxers. 

Antireflux procedures were effectivein reducing the per 
cent time the pH was less than 4 on 24-hour monitor- 
ing of the distal esophagus to normal in patients who 
underwent surgical therapy regardless of their pattern of - 
reflux. The postoperative values were similar to that ob- 
served in the control subjects with the exception that 
upright refluxers had less postoperative upright reflux 
than control subjects (Fig. 11). 

Concomitant with post-surgical improvement in the per 
cent time the distal esophagus was exposed to acid, there 
was an increase in the DES pressure to control levels 
in all patients regardless of their reflux patterns. This . 
was not statistical for upright refluxers because of the 
small number of patients operated upon (Fig. 12) | 
Similarly, the amount of DES exposed to the positive 
pressure environment of the abdomen, which was ab- 
normal in the combined and upright refluxers preopera- 
tively, was restored to normal postoperatively. This was 
significant for the combined refluxers and only ap- 
proached significance for the upright refluxers because 
of their small numbers (Fig. 13). 

Postoperatively, the incidence of abdominal disten- 
tion was most common in upright refluxers (Fig. 14). 
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Fic. 12. Distal esophageal sphincter pressure in 15 asymptomatic 
subjects and 40 patients before and four months after a surgical anti- 
reflux procedure. 


The only patient admitted to the hospital for a severe 
episode of post-prandial abdominal distention following 
an antireflux repair was an upright refluxer. This episode 
occurred two months after surgery and required an over- 
night hospital admission in order to decompress the pa- 
tient’s stomach with a nasogastric tube. On passage of the 
tube, there was an immediate release of air associated 
with relief of the patient’s abdominal pain. These episodes 
of abdominal distention continued to plague the patient for 
1% years following his antireflux repair. They have since 
ceased and he has been free from this complication 
for the past 2 years. 

The swallowing of air causes oral eructations associated 
with an upright reflux epiosode and was commonly seen 
in both upright and combined refluxers. Continuation of 
habitual aerophagia following the surgical construction of 
a competent sphincter results in increased amounts of 
flatus and can De used as a means of determining the 
contribution of aerophagia to the etiology of the pa- 
tient’s upright reflux. All patients with isolated upright 
reflux had excessive postoperative flatus. This was less 
common in combined refluxers, and minimal in supine 
refluxers (Fig. 14). 


* Discussion 


The results of these studies show that human subjects 
with a normal cardioesophageal junction reflux more in 
the upright position, particularly after means, than when 
recumbent and sleeping. This observation suggests that 
factors other than gravity influence reflux in the upright 


position. Johnson has measured gastroesophageal pres- . 
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sure profile in the erect position and showed that 
a pressure drop of 12 mm Hg existed between the 
stomach and the mid-esophagus. Similarly, Thurbeck?has _ 
shown in animals that the recumbent gastroesophageal 
pressure gradient was less than that observed upright. 
These studies indicate that there normally exists an intra- 
luminal pressure gradient encouraging the reflux of gastric 
acid into the esophagus in the upright position. During 
one's waking hours, he is unable to sit down or get up, 
lift burdens, walk, breathe deeply, speak loudly, cough, or 
defecate without producing marked changes in intra- 
abdominal pressure. Such changes in intra-abdominal 
pressure can, on occasion, overcome the DES pressure 
and allow the reflux of acid into the esophagus which is 
rapidly cleared by swallowing. 

The intraluminal pressure in the DES equals the intra- 
abdominal pressure plus the distal esophageal muscle 
tone. The intragastric pressure at the cardia equals intra- 
abdominal pressure plus a small contribution from gastric 
muscle tone. The only force tending to open the cardia 
and tc cause gastroesophageal reflux is the difference 
between intragastric and intra-abdominal pressure. If suf- 
ficient length of the DES is exposed to the positive 
pressure environment of the abdomen, only the tiny 
portion of intragastric pressure due to gastric muscle 
tone is all that has to be controlled by the DES muscle. 
Over 9995 of intragastric pressure is derived from and 
varies with intra-abdominal pressure.? Any alteration of 
this due to straining, etc., is therefore exactly matched 
by a concomitant increased compression of that portion 
of DES exposed to abdominal pressure with no extra 
tone being required of the sphincter muscle. 

In the current study, patients with symptomatic reflux, 
regardless of the pattern demonstrated, had DES pres- 
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Fic. 13. Amount of distal esophageal sphincter exposed to the positive 
pressure environment of the abdomen in 15 asymptomatic subjects 
and 40 patients before and 4 months after a surgical antireflux 
procedure. 
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Fic. 14. Incidence of post-operative flatus and episodes of abdominal 
~ distention in 40 patients with various patterns of reflux 4 months after 
a surgical antireflux procedure. 


sures statistically less than that of control subjects; and 
upright and combined refluxers had statistically less of 
their DES exposed to the positive pressure of the ab- 
domen than did the control subjects or patients who 
refluxed only in the supine position. Patients with a low 
DES pressure and insufficient length of sphincter ex- 
posed to the positive pressure environment of the ab- 
domen would have greater difficulty in compression 
of the DES with increases in abdominal pressure, and 
would be predisposed to upright reflux. Patients with a 
low DES pressure, but a normal amount of DES exposed 
to the positive pressure environment of the abdomen, 
.~would be able to compress their DES with increases in 
abdominal pressure, but would have insufficient DES 
muscle tone to match changes in gastric muscle tone 
and be predisposed to a supine reflux pattern. 

The question arises, why do upright refluxers not 
reflux in the supine position since they have both a low 
DES pressure and less length of sphincter exposed to the 
positive pressure of the abdomen? It is our sub- 
jective impression that these patients have hyperactive 
gastrointestinal motility, and as a result, quickly evacuate 
any contents from the esophagus, including air, even dur- 
ing the supine hours when the normal esophagus is 
quiescent. Most of the upright reflux these patients 
have occurs within a two hour period after meals, and is 
an exaggerated post-prandial physiological reflux. This 
has suggested to us that these patients may have dif- 
` ficulty in emptying their stomach after meals. We have 
recently obtained a gastric emptying curve using a radio- 
« isotope meal in one of the patients with upright reflux. 
The observed emptying curve (Fig. 15) differs from the 


GASTROESOPHAGEAL REFLUX 


A 467 


normal expoditial decrease by plateauing within the first 
40 minutes following a meal for a period of an additional 
40 minutes during which the gastric volume remains 
constant, then rapidly empties. This may represent an 
episode of pylorospasm during a period of active gastric 
contractions which increase intragastric pressure above 
DES pressure, resulting in excessive post-prandial reflux. 
Severe endoscopic esophagitis did not correlate to the 
presence of reflux symptoms and was seen only in pa- 
tients with supine and combined reflux. Common to these 
patients was the prolonged clearance time following a 
supine reflux episode. This allowed prolonged contact of 
hydrochloric acid and activated pepsin with the lower 
esophageal mucous membrane. During awaking hours in 
normal subjects, refluxed gastric contents are rapidly 
cleared from the esophagus by frequent swallowing. Dur- 


ing sleep, however, there are prolonged periods when no 


swallowing takes place. Between these are interspersed 
periods of swallowing activity." When reflux acid reaches 
the esophagus during the quiet nonswallowing periods of 
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Fic. 15. Radionuclide gastric emptying time in a patient with 
isolated upright reflux showing a plateau after 40 minutes for a 
period of an additional 40 minutes followed by a very rapid 
emptying. The broken line represents the normal expoditial decline in 
gastric volume. 
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sleep, it remains in the lower esophagus until the onset 
of an active period of swallowing when it is rapidly 
cleared. We have shown that these long nocturnal re- 
flux episodes provide for prolonged acid mucosal con- 
tact and contribute to the development of esophagitis 
followed by stricture formation.’ This situation may 
be self-perpetuating in that patients with esophagitis, 
swallowing is less effective in clearing the esophagus. 
Booth! has demonstrated that patients with esophagitis 
have greater difficulty in clearing a 15 ml. bolus of 1 .IN 
hydrochloric acid placed within their esophagus. This 
probably accounts for the delayed clearance of an upright 
reflux episode in patients with a combined reflux pattern. 

An esophageal motor abnormality can reduce the ef- 
fectiveness of clearing the esophagus of reflux contents 
due to disordered peristalsis. This, however, is not suf- 
ficient to explain the incidence of esophagitis in the dif- 
ferent reflux patterns since each of the patterns of reflux 
had a similar incidence of esophageal motor dysfunction. 

An antireflux procedure was equally effective in return- 
ing an upright, supine, or combined reflux pattern to nor- 
mal. This was associated with a return in DES pressure 
to normal levels and a return of the normal amount of 
DES exposed to the positive pressure of the abdomen 
in both the upright and combined refluxers. It appears 
that antireflux procedures create a competent sphincter 
by correcting those specific sphincter abnormalities as- 
sociated with incompetency. 

Postoperatively, all upright refluxers had excessive 
flatus which reflects the habitual aerophagia observed in 
these patients. The habit is retained after surgery and 
contributes to their high incidence of post-prandial ab- 
dominal distention when compared to supine and com- 
bined refluxers. Severe postoperative abdominal disten- 
tion following meals would be expected in a patient with 
excessive aerophagia who now has a competent sphincter. 
This would especially be so if he has an associated 
pylorospasm. Indeed, the most severe episode of post- 
operative abdominal distention following meals was noted 
in an upright refluxer and he was the only patient who 
required admission to the hospital for relief of severe 
abdominal distention. 

Currently, we have elected to withhold surgical therapy 
on patients with isolated upright reflux because of the low 
incidence of esophagitis seen with this pattern of reflux 
and their propensity to have postoperative problems with 
flatus and post-prandial abdominal distention. If, on 
further investigation, an abnormality in gastric empty- 
ing or pyloric function is established in these patients, 
a pyloroplasty with or without an antireflux procedure 
might be a more appropriate operation. 

Patients with supine and combined reflux patterns have 
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a high incidence of esophagitis and are best treated with 
a surgical antireflux procedure. We have attempted med- 
ical treatment of these patients with bethanechol and 
elevetion of the head of the bed.* The results, based on 
24-hour pH monitoring of the esophagus, did not approach 
that obtained in similar patients treated with an anti- 
reflux procedure. If abnormal reflux can be shown in both 
the upright and supine position, even in the absence of 
endoscopic esophagitis, early operative therapy should be 
encouraged since these patients are at risk in develop- 
ing esophagitis and strictures. Itis important to emphasize 
that this high risk group is not confined to patients 
with significant symptoms. It has been the experience of 
most physicians dealing with this disease that patients 
may present for the first time with severe esophagitis 
without having any previous reflux symptoms. Skinner 
found that the development of esophagitis and stricture 
was not related to the presence of or severity of 
symptoms of esophageal reflux. Out of 226 patients 
with esophageal strictures, 20% did not have reflux 
symptoms severe enough to require medical attention 
prior to the development of dysphagia. Patients rejected 
for surgical treatment of reflux because of their symptoms 
were mild, sometimes returned with a fully developed 
stricture or advanced esophagitis. The 24-hour pH mon- 


itoring of the esophagus allows the identification of 


these high risk patients and avoids this potential 
mismanagement. 


Conclusions 


It is concluded that minimal reflux is physiological 
and the normal cardia is more competent supine than in 
the upright position. Physiological reflux is unaffected by 
age, rarely occurs during slumber, and is the rule after 
alimentation. There are three patterns of pathologic reflux 
seen in symptomatic patients and all have a DES 
pressure less than control subjects. Patients with upright 
reflux alone or in combination with supine reflux have 
less of their DES exposed to the positive pressure 
of tke abdomen when compared to control patients or 
patients with only supine reflux. Patients with isolated 
upright reflux have excessive aeorphagia and a high inci- 
dence of postoperative flatus and abdominal distention. 
Patients with supine reflux have an inability to clear their 
esophagus of reflux acid and as a result, are prone to 
develop esophagitis. Patients who have both upright and 
supine reflux have severe esophagitis and are at risk in 
developing strictures. Early antireflux surgery should be 
apphed to such patients in lieu of persistent and pro- 
longed medical management. Antireflux procedures are 
able to stop pathologic reflux by correcting those specific 
DES abnormalities associated with incompetency. 
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DISCUSSION 


Dr. ROBERT E. ConDON (Milwaukee, Wisconsin): I share many 
views with Tom DeMeester, Dave Skinner and the University of 
Chicago group about the problem of reflux esophagitis; in particular, 
I have found that continuous pH monitoring is a useful technique 
to detect subtle episodes of reflux in patients in bed at night, when 
they are asleep. 

I would like to comment about the significance of measurement of 


pressures in the lower esophageal sphincter area as a diagnostic: 


criterion in patients who have reflux esophagitis. We have recently 
reviewed the results of esophageal manometry studies in my last 50 
private patients who have had a fundoplication for reflux esophagitis. 
The studies were done by my Milwaukee gastroenterology colleagues, 
whom I expect most of you will recognize as both technically 
competent and reliable. 

We found that, although patients with symptomatic reflux do have 
mean lower esophageal sphincter pressures, taken as a group, than 
normal controls, there is a significant overlap between normals and 
symptomatic patients. Indeed, about a third of reflux patients have 
absolutely normal lower esophageal sphincter pressures preoperatively, 
and a couple of patients have had above normal lower esophageal 
sphincter pressures. 

I think, therefore, that measurement of pressure in the lower 
esophageal sphincter is not a reliable diagnostic criterion to es- 
tablish the presence or absence of symptomatic reflux esophagitis. 
I emphasize this point because I continually run into confusion among 
my nonsurgical colleagues about it. I repetitively see patients who 
should have been, in my view, referred earlier for surgical cure of their 
reflux, and who have not been referred because they have a manometry 
pressure which was in the normal range. 

I suppose, as in many other areas, simple things really are best. 
The most reliable diagnostic test we have found is the Bernstein 
test in which the instillation of acid into the esophagus reproduces 
the patient’s symptoms. It’s simple to do, and the end result is 
obvious to all. 


Dr. A. P. NAEF (Lausanne, Switzerland): I would like to discuss 
the practical importance of this test for our indications and postopera- 


' tive controls of antireflux operations. 


Dr. DeMeester has shown elsewhere that there is no correlation 
between reflux symptoms and endoscopic esophagitis, and he has also 
shown that the Nissen-procedure seems to be the best antireflux opera- 
tion. Thus, 24-hour reflux monitoring would be extremely interesting 
to test the efficacy of a technique, we have used in very special 
cases, namely the intrathoracic fundoplication. 

In our series of 727 operations. for hiatus hernia, we have 55 cases 
of severe Grade 2 and 3 esophagitis, 15 with strictures. While in 
most cases results were satisfactory when the reflux was eliminated by a 
straightforward subdiaphragmatic fundoplication, we have 5 cases where 
a short esophagus was so pronouriced that we had to leave the 
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wraparound deliberately in an intrathoracic position. This operation, 
where a “‘legalized’’ hiatus hernia is surgically established, is admittedly 
a somewhat controversial technique, but it works. l 

In all these cases, early postoperative esophagoscopy has shown 
that esophagitis and strictures disappear in a matter of days. However, 
in some of these elderly, debilitated patients, the postoperative 
course was somewhat difficult, due to temporary dilatation of the 
intrathoracic stomach, resulting in cardiac problems, such as arrythmia 


. and tachycardia; but there were no serious complications, such as 


perforation or hemorrhage. 

One of our Swiss colleagues, Dr. Maurer of Solothurn, haz still a 
much greater experience of 15 intrathoracic 'Nissens'' with no deaths, 
no serious complications, no failures, and 8 excellent and 7 good results. 

We recently switched to the Collis-Belsey gastroplasty, but were 
impressed with residual esophagitis at early postoperative esophagos- 
copy. This may be explained by residual reflux because the Belsey 
technique is not a total wraparound, and may be by some minimal 
peptic secretion in the gastric tube. 

In conclusion, we believe that, given a good indication, th= intra- 
thoracic Nissen is the better antireflux procedure, whereas the: gastro- 
plasty may be easier in the immediate postoperative course. We still 
do not seem to have the final answer, but this test Dr. DeMeester 
described may help us for indications and follow up of some of 
these difficult operations. 


Dr. HiRAM C. Pork, JR. (Louisville, Kentucky): I think that Dr. 
DeMeester did not have the time to touch on some very important 
implications that are in his manuscript. This, of course, is part cf a very 
careful continuing effort on the part of Dr. DeMeester and Dr. Skinner 
to characterize this disease that has been so difficult to define. both in 
terms of its indications for operation and the benefit therefrom. 

As I read this, there is obviously a better understanding of what is 
normality, and I think that immediately raises a question about which 
I would like to hear Dr. DeMeester's speculations. That is, why, for 
example, does the patient reflux less often—the normal pat ent—in 
the supine position than in the upright position? * 

The other point related to the clearcut definition of those patients 
who are very likely to suffer from so-called gas bloat syadrome, 
those patients he identified as being upright refluxers. While they 
are very likely to develop complications from the antireflux prozedures, 
particularly the Nissen fundoplication operation, I wonder what he pro- 
poses for this group? I wonder, most particularly, how confident he 
is of the observation that these patients are not likely to do well, when 
those observations were based on 4 patients. This, of course. is more 
than the rest of us have studied, but I wonder whether “his is a 
confident observation, or a simple hypothesis at this time. 

There is a clearcut identification of those groups of patients who 
benefit from operation, and even those groups with the combined re- 
flux, i.e., supine and upright, who seem to be at a risk of developing 
a real, significant stricture in a very prompt period of time, and 


. are very clear candidates for operation. 
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This is another example of a very nice definition of a group of patients 
who need operation, a group which may be subject to excess risk and 
is a major contribution to my understanding of this field. 


* 


Dr. Lucius Davis HILL (Seattle, Washington): Drs. DeMeester and 
Skinner and their group are again to be congratulated for bringing to the 
Association some of the best studies that have been done to elucidate 
the various types of reflux in man. I think their data show the things 
that are important; namely, that the lower esophageal sphincter pres- 
sure is lower in the refluxer; there is less of the lower esophageal 
sphincter exposed to positive intra-abdominal pressure; and these pa- 
tients cannot clear reflux as well as the normal individual. 

We, too, have been studying these parameters by a somewhat dif- 
ferent method. We have used the 24 hour pH monitoring, but we 
have relied more heavily on the combined pH and pressure. We believe 
these studies should be done routinely in patients who are about to 
undergo antireflux surgery. 

In our data, the patients who reflux but have a normal or high 
sphincter pressure, we believe, have the high sphincter pressure in 
response to reflux. We believe that a natural extension of the excellent 
studies that Dr. DeMeester has carried out is to go ahead and do the 
same kind of studies at operation, to make certain that we are actually 
correcting the defects that he has so nicely elucidated. 

We have for the past three years now been measuring the sphincter 
pressure at the time of surgery, by this very simple manometric 
device you see here, which is the same manometric device that is used 
in the preoperative and postoperative assessment. We agree that 
sphincter pressure is not the only criterion for a successful opera- 
tion, but we do believe that if the sphincter pressure can be raised 
well above normal, the reflux, as Dr. DeMeester indicated, will be 
corrected. l 

At surgery we simply pass this sensing device up and down across 
the gastroesophageal junction, and regardless of the kind of repair that 
is used, whether one uses a transthoracic, transabdominal, or what- 
ever, this very simple, safe, and quick method can give the surgeon a 
reliable indicator of whether the barrier pressure is raised sufficiently 
at the time of operation. 

The data on the first 74 patients that were treated for hiatal hernia 
and reflux alone, in this group of severe strictures and recurrent hernias, 
were not included. We were able to demonstrate that in these patients 
the sphincter pressure was raised well above normal in all of these 
individuals. This also showed that the vast majority of these people do 
have a very low preoperative esophageal sphincter pressure. By raising 
it well above normal, we fee] that, even with deterioration of the 
sphincter pressure with time, the sphincter should remain competent. 

This also helps us prevent raising the sphincter pressure so high that 
the severe abdominal distention or air trapping that Dr. DeMeester 
indicated occurs occasionally can be prevented. 

The postoperative dysphagia that we see from raising the sphincter 
pressure too high at operation can largely be prevented by raising the 
sphincter pressure to somewhere between 45 and 55 mm Hg at 
surgery. We have been able to raise it high enough, and yet not too high. 

On the basis of tese data, I would recommend that this be tried. 
It is certainly a simpler procedure than a cholangiogram, takes less time, 
and is safe enough to recommend to you as a routine procedure in 
performing antireflux surgery. 
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DR. EpwARD Roy WooDwaARD (Gainesville, Florida): We have used 
the more acute method of Tuttle and Grossman of infusing a large 
bolus of hydrochloric acid into the stomach, and then measuring the 
pH across the esophogogastric junction. It has proven over the years to 
be a much too stressful test, in that many patients whose manometric 
pressures return to normal after surgery, and who become clinically 
asymptcmatic, still demonstrate reflux. We think it is not nearly as 
physiologic a measure of sphincter function as the paper presented today. 

I am intrigued by the three types of reflux that they have found in 
symptonatic patients, and would like to ask them to conjecture 
whether this will be useful in selecting the type of surgery. For 
example, what about the upright refluxer with aerophagia? Is the patient 
a poor candidate for the Nissen fundoplication? Will he be prone tc de- 
velop what Allgower calls the ‘‘postfundoplication syndrome," and 


eet 
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what my irreverent residents refer to as the “‘gas bloat syndrome? 


Dr. Tom R. DEMEESTER (Closing discussion): We agree with Dr. 
Condon :hat sphincter pressure is meaningful only in population studies, 
and is of little diagnostic help in determining the competency of the 
cardia in the individual patient. 

In regzrd to his comments concerning the Bernstein test, it is pertinent 
to note that the 24 hour esophageal pH monitoring test incorporates a 
Bernstein test, since the patient records his symptoms on the strips of 
chart recorder while the test is being performed at the time the symptoms 
occur. Cne is able, therefore, to correlate changes in the esophageal 
pH with symptoms. Actually, it'S an endogenous Bernstein test. 

We would like to thank Dr. Naef for his comments, and we will 
continue to watch the followup reports on patients who have had a 
Nissen repair left in the chest. We would like, if we get an opportunity, 
to study some of these patients. 

Dr. Polk asked why the normal person is more competent supine 
than in -he upright position. It is probably due to a greater gastro- 
esophageal gradient when in the upright position. In other words, there 
is a greater pressure drop between the mid-esophagus and the stomach 
when one is upright than when he is supine. Furthermore, daily 
activity in the upright position causes episodes of increased intra- 
abdominal pressure, which can stress the sphincter and contributes to 
upright reflux. When one is supine and quiet at night, this does not 
occur. 

The observation of abdominal distention in upright refluxers is valid, 
but we are unsure of the mechanism and only postulate delayed 
gastric emptying in face of excessive aerophagia. The abdominal disten- 
tion that occurs with upright reflux is most severe, and these pa- 
tients request medical attention for their gas bloat problem. This was 
not so for the other types of refluxers. For this reason, we have 
chosen not to perform antireflux procedures on patients who are only 
upright refluxers. Also, the incidence of esophagitis as a complication 
of reflux, is less in these patients. 

We have been very interested in Dr. Hill’s intra-operative sphincter 
pressure measurements, and will look forward to further comment from 
him on long-term results obtained in patients who have had their anti- 
reflux procedure constructed with the aid of this measurement. 

We wish to thank Dr. Woodward for his pertinent comments. It is our 
feeling that the upright refluxer may be a patient who has more 
pyloric disease than cardioesophageal disease, and it's possible in the 
future that this may be a person who will be more helped wita a 
pyloroplasty, with or without an antireflux procedure. 
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Four hundred twenty-two patients with gastric ulcer treated dur- 
ing 1950—1960 were followed up to 25 years with a mean followup 
of 9 years. Nonoperative treatment was used in 59% with a hospital 
mortality of 35%, one-third of these deaths being directly due to 
gastric ulcer perforation or hemorrhage. Operative treatment was 
used in 41% of patients. The most common operation (86%) was 
gastric resection without vagotomy. Overall operative mortality 
was 16%; 34% for emergency procedures and 6% for elective 
procedures. Cachexia seemed to be the most important factor 
related to operative mortality. Nonoperative treatment resulted 
in more than twice the hospital mortality compared to operative 
treatment. Approximately one-half of all patients treated non- 
operatively had a recurrent gastric ulcer at some time during this 
this study. The recurrence rate following definitive gastric resec- 
tion was 1.3% compared with 16% during nonoperative therapy. 


— ^ Three-fourths of recurrences occurred later than two years and 


nearly half of recurrences after more than 5 years of followup. 
Patients with a prior history of overt bleeding from gastric ulcer 
disease particularly were at risk for further bleeding. There were 
coincidental duodenal ulcers in 10% of our patients and a 0.8% 
incidence of gastric cancer during followup. Long term followup 
demonstrates the superiority of operative treatment of gastric 
ulcer and also reveals the continuous propensity of such ulcers 
to recurrence following nonoperative treatment. Earlier elective 
operation in patients with overt bleeding, recurrence or persisting 
symptoms should decrease overall mortality and result in a lower 
overall long-term risk of ulcer complications. 


ONG term followup of gastric ulcer patients is needed 

to assess adequately the results of operative and 
nonoperative treatment, to appreciate the propensity of 
. gastric ulcers to recur, and to control the disease. We are 
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reporting a retrospective review of 422 gastric ulcer pa- 
tients treated during the decade of the 1950's and followed 
for up to 25 years. 


Patient Material 


All patients with an ulcer affecting gastric mucosa 
treated at the Wood VA Hospital during 1950— 1960 were 
retrospectively studied. Because of past clinical impreci- 
sion in the diagnosis of certain varieties of gastric ulcer, 
it was not possible to categorize separately chronic, 
acute or stress gastric ulcers. Certain patients with pre- 
pyloric and pyloric channel ulcers presented a problem of 
categorization, since they were identified as gastric ulcers 
at one time and as pre-pyloric or pyloric channel ulcers 
at other times. Although often considered to have a var- 
iant of duodenal ulcer disease, such patients with pre- 
pyloric and pyloric channel ulcers have been included. 
Patients with duodenal ulcer alone were excluded, but 
included if the duodenal ulcer occurred in combination 
with a gastric ulcer. Patients with a proven diagnosis of 
gastric cancer were excluded and are part of a separate 
report. 

The 422 patients originally under study had been re- 
viewed in 1960, but the observations were not published. 
During 1973—1975, 289 members of the original study 
group were re-evaluated by chart review, mail question- 
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TABLE 1. Fasting Gastric Analysis 


Gastric Concurrent 

Ulcer Gastric and 
Alone Duodenal Ulcer 

Gastric (n = 238) (n = 32) 
Secretory — — 
State No. Pts. 06 No. Pts. Yo 
Achlorhydria 34 14 4 13 
Hyposecretion 18 8 2 6 
Normosecretion 

(1.5-3.0 mEg/hr) 99 42 14 44 


Hypersecretion 87 36 12 37 


naire, telephone and personal contact. The others had 
died or otherwise had been lost to followup in the 
interval. Patients thus were followed for varying periods 
up to 25 years. The mean period of followup was 9 years. 
All patients were male; their mean age was 56 years, and 
46% were older than 60 years of age. 

Patients were divided into two groups depending upon 
the treatment received during their first, or index, hos- 
pitalization between 1950 1960 for gastric ulcer disease. 
Group I was composed of 248 patients (59% of total) 
treated nonoperatively. There was no prior history of an 
ulcer in 177 patients and the index admission was their 
first treatment for gastric ulcer. A prior history of 
symptomatic ulcer was present in 71 patients, of whom 31 
previously had been documented as gastric ulcers. These 
latter patients represent proven failure of previous non- 
operative treatment of gastric ulcer at the time of entry 
into the study, despite which further nonoperative ther- 
apy was prescribed. Some patients in this group later 
underwent an operation. 

Group II comprised 174 patients (4196 of total) treated 
operatively during their index hospitalization for gastric 
ulcer. There was no prior ulcer history in 88 patients and 
their operation was the first definitive treatment of their 
gastric ulcer disease. There were 51 patients in Group 
II with a documented history of gastric ulcer disease 
and an additional 35 patients with a history of ''ulcer 
disease” who had an operation during the index admission. 


Observations 


The incidence of most symptoms and signs and the 
results of investigations were essentially identical in both 
groups. Pretreatment characteristics common to both 
groups included complaints of epigastric pain and tender- 
ness (7796), historit duration of pain, history of prior 
hemorrhage (20%), nutritional status (29% of both groups 
were cachectic), other findings of physical examination, 
demonstration of an ulcer radiologically (69% positive 
examinations), identification of an ulcer on rigid endos- 
copy (3896 positive), the location of the ulcer (9096 


were on the lesser curvature), the results of gastric - 
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secretory studies and the incidence of guaiac positive 
stools (25% in both groups). 

Patients were seen during followup at irregular inter- 
vals by a variety of observers. Unfortunately, there was 
no unanimity about recording of patient's complaints; 
some records were detailed, others were not. Most pa- 
tients in both groups were symptomatically improved 
after any treatment. Episodes of post-treatment major 
complications were clearly identified in the notes. But, 
we fcund it impossible to arrive at a reliable judgment 
concerning the status of most minor symptoms in many 
patients, and have had to omit comments or conclusions 
about the effects of treatment on most subjective 
complaints. 


Bleed:ng 


The incidence of overt blood loss was the only clinical 
feature different between the two groups. Surgically- 
treated patients (Group II) had an incidence of hemat- 
emesis and melena of 38% compared with 21% of gross 
blood loss in patients treated non-operatively (Group I). 
Fifty-nine per cent of patients who had a history of bleed- 
ing from a gastric ulcer in the past, or evidence of bleed- 
ing, kowever mild, at entry into the study, ultimately 
required an emergency or elective operation to control 


_ their gastric ulcer disease. 


Concurrent Duodenal Ulcer 


A duodenal ulcer was demonstrated in conjunction 
with the gastric ulcer in 44 of 422 patients by x-ray, 
endoscopy or during operation. The results of gastric 
analysis did not differ between patients with only 
gastric ulcer and those who also had an associated 
duodenal ulcer (Table 1). : 

Of the patients with a concurrent duodenal ulcer, 23 
were treated nonoperatively with a 13% mortality and a 
recurrence rate of 39%. An operation was the treatment 
of 21 patients with a 1096 mortality risk and a recurrence 
rate of 10%. No patient had a vagotomy, a factor 
whick may have adversely influenced the recurrence risk 
in operatively treated patients. 


Nonoperative Therapy 


Nonoperative treatment varied from patient to patient. 
Antacids and a bland diet uniformly were prescribed; 
anticholinergics and sedation were used less regularly. 
Ninetzen ulcers failed to heal during 6 to 15 weeks of 
treatment; these patients then had an operation. Forty 
patients developed a documented recurrence of their ulcer 
while under therapy; 27 required operative control of their 
disease. The risk of recurrence existed throughout the 
quarter century of followup (Table 2). Three-fourths of. 
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TABLE 2. Time of Appearance of Proven Recurrent Ulcers Among 
Nonoperatively Treated Patients (Group I) 


Duration of Followup No. of . No. of Recurrence 
to Recurrence Patients Recurrent Risk 
` (yrs) at Risk Ulcers - (26) 
0-2 — 12 
3-5 163 T | e is 
6—10 86 10 12 
11-15 58 5 12 
16-25 31 2 6 


proven recurrences occurred after two years, while 
43% of recurrences occurred after more than 5 years of 
followup. © ` 

The incidence of complications dne nonoperative 
therapy was 33%. Most of this morbidity is represented 
by proven recurrent gastric ulcer and by nonhealing 
ulcers. Severe pain and bleeding due to a suspected re- 
current gastric ulcer was present in an additional 5% of 
patients in Group I. A proven duodenal ulcer was found 
in a further 3%. A gastric cancer appeared i in two patients 
in this group, 13 and 18 years after entry into the study. 

The hospital mortality of nonoperative therapy was 
35%. Table 3 lists the major causes of death. In 
categorizing patients for inclusion in Table 3, only the 
major defect in homeostasis has been assigned respon- 
sibility for mortality. Many deaths were related to the 
generally deteriorated physical state of the patient to 
which had been added the ‘stress of the gastric ulcer. 
Mortality in such instances was not ascribed directly to 
the gastric ulcer. | 
| Complications of gastric ulcer in the absence of other 
major system disease wére responsible for a significant 
proportion of deaths in patients treated nonoperatively. 
len per cent of all deaths among patients in Group I were 
^ the direct result of gastric ulcer perforation and 24% were 
the direct result .of exsanguinating hemorrhage. Thus, 
one-third of deaths occurring in patients treated non- 
operatively were due directly to the gastric ulcer and 
potentially were preventable. 


Operative Therapy 


The mean age of operatively treated patients was 61 
years, somewhat older than the patient group as a whole. 
Gastric resection was the most common operation (86%). 
A three-fourths gastrectomy was described in 90 and a 
60% resection in 56 patients. Gastrojejunostomy was the 
most frequently utilized. reconstruction ` (98 patients); 
gastroduodenostomy was done in 48 cases. Twelve pa- 
tients had only closure of a perforation; another 16 pa- 
tients had exploration, biopsy or hiatus hernia repair but 
no direct treatment of the gastric ulcer. 

Overall, the early operative morbidity rate was 40% 
and the eae risk was mG (Table me Fifteen deaths 
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TABLE 3. Causes of Death Among Non-Operated (Group I) Patients 


Primary Cause of Death No. of Patients 


Perforation of gastric ulcer 9 
Exsanguination from gastric ulcer 21 
Cardiorespiratory 18 


Other systémic cause 
: (CVA, metabolic, hematologic, 
other GI pathology, etc. ) 


39 


were related to technical problems resulting in a leak from 
the anastomosis or the duodenal stump, peritonitis, or 
recurrent bleeding. One. patient died of postoperative 
pancreatitis; 7 died of cardiorespiratory complications 
and 5 of other systemic causes. 

^ While only orie-third of all patients in Group II were 
cachetic, 7296 of patients dying after operation were in 
poor nutritional status. Cachexia was directly related to 
mortality risk. The mortality risk of patients with a past 
history of ulcer disease was not different from that of pa- 
tients without a prior ulcer history. 

An emérgency operation was required i in 62 of the 174 
operatively: ‘treated patients (36%). The indication for 
emergency operation ‘was bleeding i in 44 and perforation 
in 18 patients. A history of prior. symptoms suspicious 
of ulcer’ was presént in only 45% of patients having an 
emergency operation. The mortality risk of an emergency 
operation was 34% (21 patients); ‘the risk of recurrent 
ulcer among survivors was 10%.. 

All patients operated on for hemorrhage had a ET 
resection; 15 patients (34%) died and 3 of the 29 surviv- 
ing patients developed a recurrent ulcer. Eighteen pa- 
tients had a perforated gastric ulcer and. required ` an 
emergency operation: Twelve patients simply: had the 
perforation oversewn; 4 died and a recurrent ulcer de- 
veloped in orie of the 8 survivors. A’ gastric resection was 
performed in 6 perforated ulcer patients with two opera- 
tive deaths. While there may have been some selection of 
patients, resection appeared to carry no more mortality 
risk than did oversewing of a perforated gastric ulcer. 
The overall morbidity ; rate was 58% following an emergency 


TABLE 4, Morbidity ino oe of Operative Therapy ( Group H) 


Emergency l Elective 
‘Operations Operations 

(n = 62) - (n = 112) 

No. % No. % 

Major complication 36 58 34 30 
Wound 8 13 11 10 
Anastomotic leak 5 8 3 3 
Duodenal stump leak 1 2 2 2 
Postoperative bleeding 8 13 2 2 

Cardiorespiratory | 12 19 10 10 ~ 

Other - 2 3 -6 5 
Postoperative death 34 7 6 
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TABLE 5. Late Postoperative Complications (Group II) 


Complication No. of Patients 

Proven recurrence 

suspected recurrence 
‘Overt bleeding 
Pain 

Excessive weight loss 

Diarrhea 

Anemia 

Cholelithiasis 
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operation; the most major complication occurring in each 
patient is recorded in Table 4. 

Elective operations were performed in 112 patients. 
The most common indications were failure of a gastric 
ulcer to heal or a gastric lesion suspicious for cancer. 
Other indications were intractable symptomis and obstruc- 
tion. Gastric resection was done in 96 of these patients. 
Sixteen patients had exploration, biopsy, gastroenter- 
ostomy or hiatus hernia repair but no resection. The 
perioperative morbidity rate after elective operations was 
30% and the mortality risk was 6%. Long-term complica- 
tions following operation occurred in 19 patients (17%), 
including six proven recurrences (Table 5). There were 
no deaths related to late surgical complications. 


Discussion 


Any retrospective review of case material, such as the 
present report, is fraught with difficulties arising from 
inconsistent application of treatments and inability to ap- 
preciate the true incidence of minor symptoms and events. 
Major events, such as a death or serious complication, 
usually are better documented. With this caveat, our 
study is in accord with the observations of others. -%16 


Gastric ulcers occur in older patients, their ulcers are 


predominantly on the lesser curvature of the stomach, and 
10% have a concurrent duodenal ulcer. 

We did not find any difference in the results of 
gastric analysis between patients with gastric ulcers alone 
compared ‘with those having concurrent gastric and duo- 
denal ulcers. Thirty-six per cent of our patients in both 
groups were acid hypersecretors (Table 1). The identity 
of acid secretory patterns between the two groups may 
not fulfill a priori expectations, but has been observed 
previously i in another VA based study." 

‘Bleeding froma gastric ulcer appeared to be an ominous 
prognostic sign. Férty-six per cent of patients operated 
on for bleeding had a past or present history of a bleeding 
episode: In our total patient population, if a patient had 
had a bleeding episode at some time, he had a 59 per cent 
chance of requiring an operative procedure, often under 
emergency circumstances. On the basis of this experi- 
ence, we believe that an operation should be recom- 
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mended to patients who bleed sufficiently from a chronic 
gastric ulcer to produce melena or a hematemesis. 
Further delay in securing surgical control of gastric ulcer. 
disease needlessly exposes such patients to the increased 
mortality risk of a future emergency operation to con- 
trol recurrent hemorrhage. 

A history of a prior documented gastric ulcer was 
present in 28% of patients in Group I. An additional 16% 
developed a recurrent gastric ulcer while undergoing 
nonoperative therapy. Thus, 44% of patients treated non- 
operatively had a proven recurrent gastric ulcer at some 
time in the course of their disease. A past history of 
"ulcer disease," the type of ulcer not being specified, 
was present in a further 10% of Group I patients; 
some of these are likely to have been gastric ulcers. 
The cbservation of a high incidence of gastric ulcer re- 
currence previously has been made many times.'?? The 
conclusion to be derived from the data still deserves 
re-emphasis: gastric ulcer disease has a high recurrence 
rate vhen managed nonoperatively. ( 

The proven recurrence rate after operative treatment 
(Group II) was 3:596. Four of the 6 recurrent ulcer 
patients either had an associated duodenal ulcer treated 
without vagotomy or had an operation (oversew perfora- 
tion, gastrojejunostomy alone) inadequate to control 
gastric ulcer disease. Among 146 patients having a 
defini-ive resection for their ulcer disease, the two recur- 
rences represent a recurrent ulcer rate of 1.3%. In the 
literature, recurrence of gastric ulcer after resection is re- 
ported as 0— 395. 1,3,5,6,15,16 . 

Of note in this study is the finding that nearly three- 
fourths of all gastric’ ‘ulcer recurrences following non- 
operative therapy occurred at greater than two years, and 
43% of recurrences occurred at greater than 5 years 
(Table 2). This is in direct conflict with traditional teach- 
ing," although similar findings have been noted by others ” 
after long-term followup.! The tendency of gastric ulcers 
to recur is persistent. This finding emphasizes the neces- 
sity for continous and close long-term observation of 
patients who are denied the benefits of an operation. 

The hospital mortality risk for all patients treated by 
operation was 16%; 34% for emergency procedures and 
606 for elective procedures. It should be noted that while 
this mortality experience was in older, cachectic, poor 
risk patients operated on from 15 to 25 years ago, such a 
mortality rate would not be acceptablé in 1976. The 
mortality rates quoted in the literature are lower than: 
ours, being 2—5%'1314 for combined elective and 
emergency procedures, = 2405181936 for emergency pro- 
cedures only, and 0-3% after an elective operation. 1:99:15 

Weich!$ has shown that mortality increases with age; 
in his report, the risk of a postoperative death in patients 
older than 60 years was twice that of younger patients. J 
Although the mean age (61) of our patients dying post- " 
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operatively was somewhat higher than the mean age (56) 
of all patients in this study, age alone did not seem to 
be related to mortality risk. An important observation was 
that cachexia was present in 729€ of our postoperative 
deaths, as compared to 29% of the total operated group. 
Poor nutritional state seemed to be the single preopera- 
tive factor directly related to increased operative 
mortality risk. 

The hospital mortality risk of nonoperative treatment 
overall was 35%. Of these deaths, one-third were directly 
related to bleeding or perforation of the gastric ulcer in the 
absence of other major co-existing disease. At least some 
of these deaths must be viewed as preventable, since 
the patients were under a physician’: s care and could have 
been operated upon electively. While conclusions drawn 
from a comparison of mortality rates of nonoperative 
versus operative therapy would be invidious if based on 
our study alone, our observation is neither new nor 
unique.” Kirsner and associates’ observed several 
years ago that the mortality risk of nonoperative treat- 
ment of gastric ulcer was as great or greater than the risks 
then being reported for operative treatment. 

Over the 25 year period of followup, only two gastric 
cancers developed, both in patients being treated non- 
operatively. This incidence is lower than others re- 
porti4?1.15, but a similar incidence has been noted by 
Lindskov and associates. Milwaukee is an area with an 
incidence of gastric carcinoma somewhat higher than thàt 
of the United States as a whole.” We believe that these 
cases are within the range of cancer incidence to be ex- 
pected in our population and provide no evidence that be- 
nign gastric ulcers degenerate into gastric cancers. 


DISCUSSION 


Dr. WILLIAM H. REMINE (Rochester, Minnesota): In order to give 
support to what the authors said in their final remarks, I would 
like to approach it from a little different angle, however. A study that 
was conducted at our institution by a group of gastroehterologists 
and I think it shows some very important features. These were 664 
cases of gastric ulcer that were thought by all methods—all of our 
modalities of study—to be benign in every way. As you break this 
down, there were 664 patients. With medical management, thinking 
that these were all benign lesions, there was complete relief in 21%, 
incomplete relief in 34.5% and operation had to be performed on almost 
4096 of these patients. Nine per cent of them died with cancer. 

These were cases studied by gastroenterologists, not by our surgeons. 
But the point is that if only 21% of these patients are getting satis- 
factory relief for a benign lesion with medical management, then I think 
it becomes rather obvious that, unless these patients get im- 
mediate results with medical management, there's very little point in 
continuing it. 

We're getting into an age of complacency because of the marked 
decline in the incidence of carcinoma of the stomach. In 1935, it was 35 
or 36 cases per 100,000. Today it's less than 5 cases per 100,000. So 
the incidence of malignancy, it's true, is low but in my experience in 
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recent years there are more cases of inoperable cancer of the 
stomach than there were 10 or 15 years ago. 

This is an important factor to keep in mind, and I would certainly 
go along with the authors in urging to have earlier surgical manage- 
ment of gastric ulcer. 


Dr. M. MICHAEL EISENBERG (Minneapolis, Minnesota): It is very 
useful to keep in mind that the failure rate for the so-called test of 
healing on medical management approaches 25% initially, and that even 
those who do heal have an approximately 4296 recurrence rate within 
the first two years, and other studies have shown up to an 80% recur- 
rence rate within five years. 

These data should be combined with data that show that mortality 
for the perforated gastric ulcer is roughly twice that for the duodenal 
ulcer. Finally examine the literature on elective surgery for benign 
gastric ulcer, in which there are numerous series of substantial size, 
many of them over a hundred patients, in which mortality and re- 
currence rates both approach zero. Then one comes to the virtually in- 
escapable conclusion (even without raising the specter of which ulcers 
are malignant and which ulcers are benign) that the most conserva- 
tive approach to gastric ulcer is probably surgery initially, and not 
medical. 

I think it's essential, however, not to overstate the data or to exagger- 
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ate the evidence, op the case, for early surgery for gastric ulcer. 
While I believe it is fair to attribute surgical mortality for emergency 
surgery to.the internist, in view of the fact that elective surgery is so 
safe and so well tolerated, I do question the figure of 35%, which was 
reported this morning for medical management. I think it is essential that 
we differentiate between those patients dying of gastric ulcer and those 
patients dying with gastric ulcer. I think Dr. Kraus may wish to clarify 


those figures for-us, because, if they are accurate, they represent the 
most persuasive data yet, which bear on the choice of early management. 


DR. RoBERT F. Connon (Closing discussion): Dr. Eisenberg raised 
the issue about mortality rates. Over all, you will remember that 35% 
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of patients treated nonoperatively died, as against 16% of BEAT who 
were treated operatively, Among the 87 patients treated nonoperatively 
who died, there were 30 who died directly as a result of gastric ulcer 
perforation or hemorrhage. Those were the’ deaths we identified as» 
potentially preventable. So that is 30 out of 87, approximately one ` 
third of deaths; or if you consider the total group of nonoperatively 
treated patients, that is a 12% mortality rate for nonoperative treat- 
ment d-rectly as a result of gastric ulcer disease. : 
' Now, compare that with the rate of 6% for elective surgical t treatment. 
Any way you look at these figures, it’s quite clear that the risk of both 
recurrence and of dying from a gastric ulcer is higher with non- 
operative treatment than it is with an early ECCE gastric resection. 
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Ultrasonography as an Aid in the Diagnosis and Management 
of Surgical Diseases of the Pelvis: 


Special Emphasis on the Genitourinary System 


WILLIAM H. BOYCE, M.D., WILLIAM M. MCKINNEY, M.D., MARTIN I. RESNICK, M.D., JAMES W. WILLARD 


Technological advances, particularly the advent of the gray scale 
technique, has greatly extended the application and usefulness of 
this modality to clinical diagnoses and surgery. The ultrasonic 
beam uniquely provides anatomical profiles in the transverse 
(cross-sectional) and sagittal (longitudinal) planes of the body. 
Intra-rectal and intra-vaginal ultrasonic probes have provided 
unique definition of both the normal and pathologic anatomy of 
the pelvic organs. The present report is drawn from a continuing 
experience with ultrasonography of the genitourinary system with 
an update of current technological advances. Ultrasonography has 
proven especially valuable in the following clinical applications: 
1) Early diagnosis of cancer (especially of the prostate); 
2) Accurate staging of cancer of the bladder and prostate; 
3) Monitoring of the response of the pathologic process to therapy. 


HE FIRST potentially successful attempts to adapt 
T sonic energy to diagnostic and therapeutic medicine 
originated in the fourth decade of this century as a logical 
application of the sonic research generated by World War 
II. In the early post-war years the emphasis was primarily 
on therapeutic applications, such as disruption of calculi 
in vivo and the generation of heat within tissues. 
Diagnostic applications were slower to develop due in 
part to the preeminence of roentgenography. A few 
pioneer investigators, recognizing the diagnostic potential 
of ultrasound, guided and stimulated the sonic engineers 
and manufacturers of equipment to develop ultra- 
sonography to its present indispensable role in modern 
medicine.?? As the seventh decade began, medical ultra- 
sonic technology had developed into an advanced 
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science.^*5 Transducers of remarkable versatility per- 
mitted the generation, propagation and reception of ultra- 
sonic waves. Acoustical lenses and columnators refined 
the focal properties of the waves to provide the qualities of 
a beam. Distance markers, sweep circuits and amplifiers 
had developed an ability to define acoustical interfaces 
in terms of accurate definitions of mass and volume. 
these were transmitted into visual presentations, at first 
on cathode ray tubes (CRT) and more recently on 
television monitors. The latter adaptation utilizes a tele- 
vision scan converter to screen electronically the sonic 
signals in such a manner as to modify selectively the 
signals from the sonic beam. The effect is a combination 
of relative damping of high energy signals which outline 
organ surfaces, and the amplification of low level signals 
which provide details of intra-organ structure. The dis- 
play is thus presented in shades of gray and the imaging 
is termed "gray-scale." The differences between the 
CRT and the television screen displays may be likened to 
those between pen and ink sketches as compared with 
half-tone drawings. Early equipment provided 8 to 10 
"shades of gray" in the display, but equipment cur- 
rently under development can provide 20 or more 
"shades." 

Our initial report of ultrasonography of the pelvic 
organs was directed toward examination of the prostate 
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Fic. 1. Probe detached from the base and covered with deflated balloon 
in preparation for insertion. 


gland since the display in those early studies was limited 
to cathode ray tubes. '* ^9??? The present report is an up- 
date of this continuing program of pelvic ultrasonography. 
The vastly improved imaging with gray scale equipment 
provides unprecedented capabilities for: 1) Accurate 
assessment of the size of the prostate gland; 2) Early de- 
tection of mass lesions of the pelvic organs; 3) Pre- 
operative staging of cancer, especially cancer of the pros- 
tate, bladder and cervix uteri; 4) Accurate assessment of 
the response of inoperable cancer to the various modalities 
of therapy currently available. 


Method 


Patient Preparation. The lower bowel should be free of 
gas and feces. The bladder should be distended to near 
capacity which is satisfactorily accomplished by oral 
fluid intake for the majority of preliminary scans. 

In many definitive or progress report examinations it is 
desirable to fill the bladder to a known capacity by 
catheterization. A Foley catheter in the urethra during the 
scan has the advantage of marking the internal urethral 
orifice by placing the balloon in this position. 

Positioning. The preliminary scan is performed in the 
supine lithotomy position. The Young Cystoscopic Table 
is ideal since it is of comfortable working height and 
permits a full range of Trendellenberg positioning. This 
permits abdominal and pelvic organs to be shifted into 
or out of the pelvis (head up or head down). 


Equipment* 


The Probes (Aloka Model ASU-8K) The transducer 
generator-receiver of 3.5 MegaHertz capacity? is 10 mm in 








* Grumman Corporation Health Systems, Woodbury, New York. 
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diameter (Fig. 1). It is located on a mechanically or 
manually rotatable probe (1 cm in diameter) which is 
placed in the rectum and coupled to the rectal wall through 
a balloon filled with water. A graduated scale on the probe 
base permits measured linear motion of the probe, hence 
serial transverse pelvic sonograms of accurate spacing 
are obtainable. These sections may be only millimeters 
apart yet any one of them may be reproduced by re- 
turning to the appropriate scale setting. The range of 
linear excursion is 10 cm for a single setting of the probe 
base (Fig. 2). 

In addition to the intra-rectal probe a manual compound 
scanner permits coupling to the abdominal wall for more 
conventional ultrasonography of the pelvic and abdominal 
organs (Fig. 3). The combination of this "low power" 
sonogram with the intra-rectal probe sonogram is most 
useful in evaluating very large abdominal masses. 

Indicator Unit (Aloka Model USI-19). The indicator 
unit provides capabilities for A-mode, B-mode and TM- 
mode scanning (Fig. 4). The B-mode technique is the 
standard for pelvic sonography. The receiver band width 
is variable from 1— 10 MegaHertz. An attenuator permits 
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Fic. 2. Intra-rectal Probe attached to mechanized base. Dial wheel 
and scale for linear motion of the probe are visible. 
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Fic. 3. Side arm and probe for conventional ultrasonography of 
pelvis and abdomen. 


a range of 0 to 22 dB which, coupled to the gain control 
provides a means to adjust the sensitivity of the re- 
ceiver amplifier. Since the farther the reflecting surface Is 
from the transducer the weaker the echo returning to the 






Fic. 4. The television monitor (TV) sits on the scan converter, 
flanked by Polaroid Camera attached to a small TV monitor on the 
left and quadrant selector dial on the right. CRT-S is the storage 
(Memory) display, and CRT-M is the main (search) display. The 
indicator unit is mounted behind the control panel below the CRT. 
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Fic. Sa. Bladder neck in a male with palpable linear induration on the 
left antero-lateral rectal wall; clinical diagnosis; thrombosed vein. CB, 
tip of balloon catheter within the bladder. RW, rectal wall. The arrow 
indicates position of the small thrombosed vessel. Magnification 
factor is normal or | to 1. 


probe, this gain adjustment permits a range of selection 
of sensitivity for far and near points in the field 
under investigation. The attenuator control makes it pos- 
sible quantitatively to vary the sensitivity to echo and 
thus to compare the reflective characteristics of two 
surfaces. In general, the velocity of longitudinal waves Is 
determined by the elastic properties and density of the tis- 
sue. Cancer of the prostate presents a highly reflective 
surface, as compared to engorged periurethral glands, col- 
lections of small corpora amylaceae, or benign adenomatous 
nodules. The combination of proper gain setting and at- 
tenuation with repeated sonic scan of the area will display 
a "fade-out" penetration of the benign lesions and a 
persistence of malignancy as the dB/cm are increased. 

Display Units. A conventional cathode ray tube 


FiG. 5b. Represents the range of magnification of this small area avail- 
able with the "zoom lens" attachment of the scan converter. 
Note the symmetry of sonic signals from the normal rectal wall. 


480 BOYCE AND OTHERS 


FIG. Sc. See legend for Fig. Sb. Fic. 5d. See legend for Fig. 5b. 
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(CRT) memory scope provides a monitor in the tradi- which provides a most versatile display in a full range 
tional "black and white" B-mode or A-mode presenta- of gray scale. The full screen may be used for the image 
tion. or one quarter of the screen may be used in successive 
The 5-inch CRT mounted on the indicator monitors recording and storage of different images. Four serial 
the development of the sonographic pattern. This is most sections from the same organ may thus be recalled and 
useful in manual compound scans of the abdomen or pel- displayed simultaneously for purposes of comparison. 
vis in rapid search for gross characteristics of reflective Magnification of the organ under inspection may be 
surfaces, organs or tumor masses. varied from one-quarter to twice as large as the normal 
The main display unit is a 12-inch television screen size. Further magnification is achieved electronically with 
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FiG. 6. Normal prostate 
gland demonstrating posi- | 
tioning of depth markers 

DM for measuring the An- 
terior-Posterior dimension 
of the gland. ANT, is 
anterior capsule of the 
prostate, U is prostatic 
urethra. Note two sym- 
metrical reflections form- 
ing a V posterior to the 
urethra, these represent 
ejaculatory ducts converg- 
ing toward the veru mon- 
tanum. Stippled effect of 
low energy signals posterior 
and lateral to the urethra 
are a combination of peri- 
urethral prostatic ducts and 
glands. 
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Fic. 7. Lateral roentgenogram of the intra-rectal probe in position with 
cystourethrogram. Artist has inked in outlines of a median sagittal plane. 
Numerals indicate actual distance in cm. from the initial probe setting 
at 0. of cross-sectional scans demonstrating the anatomy depicted 
in each transverse plane (e.g.: The veru montanum was visualized 32 
cm caudad of the 0 position.) 


the scan converter and tube. This adjustment is infinitely 
variable and gives the effect of a '"'zoom-lens, per- 
mitting the sonic scrutiny of a small area within an organ 
at once and with greatly increased magnification (Fig. 5). 
Depth indicator markers are built into the system and 
may be selectively superimposed on the display as two 
parallel rows of dotted lines, or as point reference 
marks (Fig. 6). A calibrated dial permits the individual 
positioning of these markers at any point on the display 
with an accurate reading of the distance between the 
reflective surfaces expressed in centimeters. Thus the 
width or height of an organ can be ascertained by placing 
the two markers on the opposing reflective surfaces of 
the capsule and reading the distance from the dial. In the 
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case of the prostate the length may be obtained by record- 
ing the excursion of the linear motion of the probe be- 
tween the internal urethral orifice or the enlarged median 
lobe and the apical margin of the glands. 

Recording System. The display on each of the above 
three units appears simultaneously in the course of a scan. 
The image may be retained indefinitely. on the CRT 
Memory Monitor and the television screen. Photographs 
from these two units may be recorded with a Polaroid 
camera directly from the CRT and indirectly from the 
television camera through a 4 inch slave unit, which 
faithfully reproduces the gray scale image. Such photo- 
graphs are selected for the patient's record. 

A JVC (Victor Company of Japan) Model CR600U 
tape recorder is attached to the television screen and is 
permitted to record the entire examination. These 15 mm 
tapes faithfully reproduce the full capabilities of the tele- 
vision display and thus are infinitely superior to the photo- 
graphs for diagnostic and teaching review. The tapes may 
be replayed immediately for review. They usually are re- 
tained during the course of a patient's hospitalization and 
thus can be selectively viewed at consultation and teach- 
ing conferences, and for postoperative review. The tapes 
have their disadvantages. They cannot be made a part of 
the patient's record, and storage is expensive. In practice, 
the tapes are re-utilized at a rate that insures retaining 
the information for one month. 

Technique. The probe is passed into the rectum, con- 
nected to the mechanical probe base, and the balloon 
inflated with water to make smooth contact with the rectal 
wall (approximately 100 to 150 cc’s). The probe is ad- 
vanced the full length of the rectum for complete pelvic 
scans or to a point 10—15 cm inside the rectal sphincter 
for scans of the prostate and bladder neck (Fig. 7). Manual 
or mechanical rotation of the probe is used to establish 
a recognizable landmark which becomes the point of 0 
reference on the scale, and all transverse sections are 
subsequently identified in cm from this point. If one 
wishes to relate the sonogram to roentgenograms, the zero 


TABLE 1. Prostatic Sonography: 100 Consecutive Patients with Symptoms of Prostatic Disease 


ed 





Initial Clinical 


Pathological Diagnosis 


eee eee 


Diagnosis 
Benign hyperplasia 57 
Cancer 24 
Radical prostatectomy 
No recurrence 2 
Recurrence 0 
Prostatitis 8 
Calculi 3 
No disease 3 
100 


* No clinical indication for biopsy-continuing observation. 


Sonographic (Biopsy, Surgical Excision) 
Diagnosis or Clinical Confirmation* 

45 45 

36 28 

4 4 

l l 

6 

3 9 

T 7 

100 100 
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point may also be recorded on a KUB film which is 
readily available on the Young Table. 

Characteristics of the sonic beam are pre-selected for 
the particular organ to be studied. For the prostate, 
which is near the rectum, both far and near gain is set 
low (0.2 dB/cm) with the coordinating gain control at a 
median setting of 7.3 dB/cm. The attenuation control is 
near median range of 6 scale units and the rejection con- 
trol at a very low level of 2 scale units. Magnification 
is set at normal (one-to-one) range. 

With the tape recorder in continuous operation, the 
entire field for study from 0 to 10 cm is scanned by 
repetition of 3 steps; 1) the linear excursion scale iS 
advanced in increments (usually 2.5 mm); 2) the erase 
pedal is pressed to clear the display; and 3) the record 
display pedal and activation switch for mechanical scan 
are simultaneously activated. The mechanical scan makes 
one complete sweep of the field with such uniformity 
of sonic exposure and display that any field is subse- 
quently reproducible and abnormalities observed in the 
preview serial scari are then selected for definitive 
examination. This is accomplished by selective alteration 
of the characteristics of the sonic beam as generated 
and received in combination with variations of the scan- 
ning technique. Experienced technicians can complete a 
scan of the prostate and adjacent bladder from the time 
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Fic. 8. Ultrasonogram of 
normal prostate in approxi- 
mately the 3% plane il- 
lustrated in Fig. 7. A small 
catheter lies in the urethra 
(U). RT and LF are the 
patient's right and left. RW 
is rectal wall, P, probe. 
Gain is quite low to demon- 
strate peri-urethral pros- 
tatic ducts. Reflection 
from bones of pubic rami 
are visible. 


the patient is placed on the table to completion of the study 
within 15 to 20 minutes. 


Clinical Applications 


The population from which this experience is drawn 
represents both hospitalized and ambulatory patients of a 
University Urological Service under continuing sonic ob- 
servation since 1970. Patients with cancer have been 
routinely re-evaluated, other patients have been re- 
examined as clinically indicated. 


Diseases of the Prostate Gland 


The patient population in Table 1 represents one 
hundred consecutive patients undergoing examination for 
symptoms of prostatic disease within a period of 6 months. 
The clinical diagnosis in each case was recorded prior 
to sonography with the aid of all the usual available 
diagnostic techniques, including roentgenography in 
every patient (excretory urography with voiding cysto- 
urethrograms) and cystourethroscopy where clinically 
indicated. Sketches of prostatic pathology and estimates 
of prostatic size were entered into the records. Nineteen 
of this group represented known cancer of the prostate 
undergoing followup evaluation; the remaining 81 were 
new patients. All patients with suspected cancer or 
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Fic. 9a. Advanced stage C 
cancer of the prostate on 
first examination. U— 
urethra, Ca—cancer. Note 
extensive invasion of rectal 
wall periprostatic tissue 
and seminal vesicles, espe- 
cially on the patient's right. 





clinically significant diseases have had surgical biopsy. the accuracy of the sonographic estimate by weight and 
Those without clinical indication for surgery or biopsy volumetric studies of the enucleated prostatic adenomata.' 
remain under observation. Estimates of volume by ultrasonography have agreed 

Benign Prostatic Hyperplasia. The inelastic capsule of with actual volume of the enucleated adenoma by an 
the prostate provides an accurate outline of the width, average value of 2.4% variance. The sonographically 
the depth (A-P) and the length of the gland, permitting estimated weight of the adenoma has varied from the 
remarkably accurate evaluation of size in terms of cubic actual weight by less than 5% when a value of 1.1037 sp. 
centimeters of volume. We have repeatedly demonstrated gv. for prostatic adenoma was used. 


Fic. 9b. Same sonogram as 
9a following 6 months ther- 
apy with estrogen. There is 
little change in volume 
either by sonography or 
palpation. There is dramatic 
relief of pain and reduced 
reflection from the cancer. 
Position of probe and all 
sonic parameters were du- 
plicated in Fig. 9b as in a. 
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Prostatic hyperplasia is characterized by a multitude of 
sonically reflective surfaces created by multiple small 
adenomata (nodular hyperplasia), fibrous tissue prolifera- 
tion within and between adenomata, and multiple micro- 
cysts created by dilated prostatic ducts containing viscous 
secretions, corpora amalacea, and microcalculi. These 
produce a pattern of "gray'' which is characterized by 
the symmetrical distribution within the prostate. The re- 
flections are lateral and posterior to the urethra and are 
most prominent at the junction of the compressed 
posterior lobe of the prostate and the margin of the 
adenomata, thus frequently appearing as symmetrical 
crescents on either side and posterior to the urethra 
(Fig. 8). These reflective surfaces produce very weak 
signals which fade with relatively small increases in gain. 
Of the 57 patients with a clinical diagnosis of hyper- 
plasia only 45 were compatible with this diagnosis by 
ultrasonography. The final diagnoses for the 12 patients 
with ultrasonic diagnoses other than hyperplasia were: 
2 normal, 4 hyperplasia with occult cancer and 6 hyper- 
plasia with grossly demonstrable calculi. In no patient 
with an ultrasonographic diagnosis of hyperplasia was 
there any other demonstrable disease. 

Cancer of the Prostate. The relatively high impedance 
of prostatic cancer provides a sonic reflection of high 
signal density which fails to fade with changes in gain or 
attenuation of the beam. 
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Advanced cancer is readily identifiable as an asym- 
metric mass, extending into or through the prostatic 
capsule, seminal vesicles, or adjacent bladder (Fig. 9). 
Repeated evaluations have demonstrated the accuracy of 
staging of cancer of the prostate by ultrasonography as 
compared with established clinical criteria. Our experi- 
ence suggests that ultrasonography may be of con- 
siderable aid to surgical staging. Cellular or micro- 
metastases are certainly not sonically demonstrable, 
yet in no case has the surgical biopsy demonstrated 
extension of tumor beyond the region indicated by ultra- 
sonography. In many instances, the ultrasonogram indi- 
cated extension of tumor to the anterior and lateral 
bladder wall and into the seminal vesicles where tumor 
was not palpable by the surgeon at the time of opera- 
tion and hence without ultrasonic guidance might not 
have been biopsied. 

Repeated examinations of patients with inoperable 
cancer of the prostate have demonstrated the reproduc- 
ibility of the mechanized and standardized sonograms 
produced by this technique. The earliest sign of a positive 
response to antiandrogenic therapy is a reduction in 
sonic reflection from the mass. Hence, in evaluating 
response to therapy it is most important initially to 
develop a reference set of photographs or tape record- 
ings. An anatomically recognizable area of the tumor is 
chosen and subjected to repeated ultrasonography using 


Fic. 10. Benign hyperplasia 
of prostate with small area 
of occult cancer, Ca. The 
reflection immediately an- 
terior to the urethra (tip 
of U arrow) is ascribed to 
marked distortion of urethra 
frequently seen in BPH. 
Note seminal vesicles are 
free of tumor. 
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Fic. 11. Area of prostatitis in patient with advanced induration of 
prostate and tentative clinical diagnosis of cancer. Sonic reflection 
posterior to the urethra, U, is generally symmetrical and noninvasive. 


a full range of modifications of the sonic beam. Sub- 
sequent evaluations using identical fields and beam 
characteristics have demonstrated excellent correlation 
between sonographic and clinical evidence of a positive 
response to therapy (Fig. 9b). 


Fic. 12. Accumulation of 
small prostatic calculi, S. 
visible on x-ray as a single 
stone. Note the sonic sha- 
dow anterior to the stone. 
Comparison of Figs. 10, 11, 
and 12 illustrates similar- 
ities of infection, calculi, 
and early cancer of the 
prostate. 
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Very small cancers of the prostate are readily 
identifiable as sonically reflective areas and we have yet 
surgically to identify an occult cancer not demonstrated 
by sonography. In an ideal situation the resolving power 
of the sonic lens and display system is capable of de- 
tecting a reflective mass within the field of the prostate as 
small as 1 mm in size. The problem therefore is not with 
detection but with recognition of small malignancies. 

At the time of examination of the patients in Table 1, 
any mass or area within the prostate gland of high 
reflective characteristics and asymmetric outline was 
listed as cancer or possible cancer (Fig. 10). There 
were 12 patients with clinically benign diagnoses who 
were considered to have areas consistent with early 
prostatic cancer by sonography. Pathologically, 4 of these 
patients had cancer in association with hyperplasia. One 
of the 4 had prostatic calculi and cancer. The sonically 
reflective areas in the remaining 8 patients were patho- 
logically identified as severe prostatitis in 2 and calculi 
in 6. 

Patients with radical perineal prostatectomies are ex- 
cellent subjects for sonographic evaluation since surgical 
removal of the gland and seminal vesicles presents a 
characteristic field with a minimum of reflective inter- 
faces. On the 5 such patients included in Table 1, 


— 
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Fic. 13. Normal bladder sonogram in plane corresponding to posi- 
tion 1!2 in Fig. 7. A 5 cc balloon catheter is visible inside the bladder 
neck, note the "water level" occasioned by an air bubble inside the 
balloon. SV are seminal vesicles. Reflecting surfaces thought to repre- 
sent the intra-mural ureters are occasionally noted in this area. Note 
the symmetry and uniformity of the bladder walls. More than half 
the shades of gray are lost in polaroid reproductions. 


asymptomatic recurrence of tumor at the urethrovesicle 
anastomosis was clearly demonstrated by sonography 
and confirmed by biopsy in one. 

Prostatitis and Prostatic Calculi. These have been dif- 
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ficult diagnoses to establish with any degree of certainty. 
The clinical diagnosis of prostatitis was made on the basis 
of symptomatology, degree of prostatic induration, char- 
acteristics of prostatic secretion, and related clinical 
parameters. Of 8 patients with this diagnosis subjected to 
sonography, only 4 were considered to show changes 
more consistent with prostatitis than with cancer (Fig. 11). 
The diagnosis of prostatic calculi was clinically es- 
tablished by x-ray and physical examination in 3 patients 
but gross collections of calculi were surgically demon- 
strated in 9 patients. In no patient in whom the patho- 
logic diagnosis was either prostatitis or calculi, did 
the sonographic scan fail to indicate the presence of a 
distinct abnormality within the gland (Fig. 12). It is ob- 
vious that sonography is incapable of differentiating stage 
A or B cancer of the prostate from calculi or severe forms 
of inflammation. 


Cancer of the Bladder. 


The normal bladder wall has a remarkable uniformity 
of structure by sonographic display (Fig. 13). Bladder 
tumors of very small size are detectable by sonography, 
but cystoscopic and cytological techniques are much more 
feasible. Cystoscopy is an integral part of the diagnostic 
evaluation of all symptoms occasioned by bladder tumors, 
whereas adequate sonographic scan of the bladder is very 
time consuming. 

Ultrasonography is capable of staging bladder cancer to 


Y 


Fic. 14. Cancer of right 
side of the bladder re-oc- 
curring following partial 
cystectomy. Small portion 
of the mass extends into the 
bladder lumen, Ca. The full 
extent of the mass extends 
along the right side of the 
bladder from internal 
urethral orifice to invade 
perivesicle tissue and fix 
bladder to the entire right 
side of the pelvis. 


Vol. 184% No. 4 


Fic. 15. Invasive cancer of 
the bladder arising near left 
ureteral orifice and extend- 
ing into perivesicle tissues. 
CB—catheter balloon, Gh 
—ghost reflection. T— 
Tumor, well defined on the 
surface facing the probe but 
less well defined at the ar- 
row point T due to "sonic 
shadow’ effect. Both 
"ghost" reverberations 
and sonic "shadows" are 
readily recognizable. 


a degree of accuracy unequaled by any other diagnostic 
technique known to us, including triple phase contrast 
cystography and transurethral biopsy. 

Bladder cancer is identifiable as a mass lesion located 
within the lumen and adjacent to the bladder wall. In- 
vasiveness is characterized by disruption of the regular 
» sonic pattern of the bladder wall and extension of the 
sonically definable mass into the adjacent tissues. Blad- 
der cancer has not been recognized as having any dis- 
tinctive internal sonic structure. Even in very large tumors 
the mass is largely "gray" with a sonic homogeneity 
suggestive of innumerable reflective surfaces of relatively 
low intensity signals (Figs. 14 and 15). 

"Ghost" reflections are common in scans of bladder 
tumors but pose no particular problem to the experienced 
sonographer. The bladder is an asymmetrical sphere and 
frequently presents ghost "interfaces" within the lumen 
due to reflected waves which are focused by the convex 
walls. The most common ghost is observed where there 
is accentuation of the bas fonde of the bladder. This 
gives a basin-like effect to the area posterior and 
cephalad to the trigonum. Reflections from this "convex 
mirror'' are focused at a point several centimeters above 
the trigone where they may appear either as a small sphere 
or as a linear arc in perfect alignment with points 
equidistant from the receiver. This is precisely the same 
arc inscribed by the depth marker and is linear, due to the 
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rotation of the probe. The presence of a mass inside or 
adjacent to the bladder may produce a variety of ghosts, 
due to modification of the sonic beam. Sheer waves may 
develop at such interfaces; "shadows" of attenuated 
beams may produce abnormally poor reflections in the lea 
of tumors; variations in tumor elasticity may set up re- 
fracted reinforcing waves creating a series of reverbera- 
tions which appear as equidistant recurring arcs beyond 
the tumor. The variations which produce "ghosts" are 
apparently infinite. Fortunately, sonic ghosts are readily 
recognizable and dispersible by altering both the qualities 
and the incident angle of the sonic beam. We have not 
observed that their occurrence materially detracts from 
the clinical usefulness of diagnostic ultrasound as de- 
scribed in this report. 

Our experience has been largely limited to urological 
diseases and we have presented here only those aspects 
of diagnostic ultrasound which appear to offer information 
unobtainable by other available methods. The equipment 
and techniques here presented appezr to have application 
to other pelvic diseases (Fig. 16). 


Discussion 


Diagnostic ultrasound has attained a special place in the 
definition of cancer of the prostate and bladder. It is cur- 
rently incapable of differentiating with certainty occult 





Fic. 16. Advanced cancer of cervix uteri with extensive invasion 
of adjacent tissues. C is cervix uteri. Urinary bladder is visible anterior 
to the cervix and there is invasion of the base of the bladder. 


stage A or stage B cancer of the prostate from prostatic 
calculi or severe prostatitis, especially the granulomatous 
variety. This may limit but not negate its value as a 
screening mechanism for detection of curable cancer of 
the prostate. A sonic scan of the prostate "negative for 
cancer’ apparently has a high degree of reliability. On the 
other hand, occult cancer has been demonstrated by ultra- 
sound after it had been undetected by other available 
diagnostic techniques. Sonography may thus more clearly 
define those patients who should have biopsy of the 
prostate. 

Ultrasound is of considerable value in staging cancer 
of the prostate and bladder, in quantitating the response to 
non-surgical therapy and in early detection of local recur- 
rence following surgery. 

The instrumentation and techniques presented here ap- 
pear to be applicable to evaluation of diseases of 
other pelvic organs, especially the rectum and uterus. 


DISCUSSION 


Dr. EMERICK SZILAGY! (Detroit, Michigan): I would like to say a 
few words about the possible application of ultrasonic techniques to 
vascular diagnosis. I am ‘no expert in the field, but I have had a fairly 
broad exposure to some of the applications of this technique in 
diagnosing vascular lesions. The method is rapidly growing in popularity 
and indeed claims have been made that it is applicable to the diagnosis 
of rather minute lesions, even in arteries of relatively small size. 

I cannot share this enthusiasm. Unquestionably, one can get quite 
satisfactory ultrasonographic images of the gross outline of occlusive 
vascular lesions, but in vascular surgery the recognition of fine 
anatomical details is essential for accurate diagnosis and for making 
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1 The procedure is painless and ultrasound of the intensity , 


used here has no known adverse effects or sequellae. 


Acknowledgment 


The equipment utilized in these studies was provided by Grumman 
Health Systems Corporation, Woodbury, New York. 


References 


1. Boyce, W. H. and Willard, J. W.: Ultrasonic Scanning of the 
Prostate. Proceedings of the Second World Congress on Ultra- 
sonics in Medicine, Rotterdam, Netherlands, June 1973. 

2. Gordon, D.: Ultrasound as a Diagnostic and Surgical Tool. 
Williams and Wilkins, Baltimore, 1964. 

3. Howry, D. H., Holmes, J. H., Lanier R. R., et al.: Use of Ultra- 
sonic Pulse Echo Techniques for the Visualization of Soft Tis- 
sue Structures and Disease Processes. Proceedings of the Third 
Annual Conference on Ultrasonic Therapy. Washington, D.C., 
1954. 

4. King, W. W., Wilkiemeyer, R. M., Boyce, W. H., et al.: Current 
Status of Prostatic Echography. JAMA, 226:444—447, 1973. 

5. Leopold, G. R. and Ashur. W. M.: Fundamentals of Abdominal 
and Pelvic Ultrasonography. Philadelphia, W. B. Saunders Co., 
1975. 

6. Ludwig, G. D.: The Velocity of Sound Through Tissues and the 
Acoustic Impedance of Tissues. J. Acoustical Soc. Am., 22: 
862-866, 1950. 

7. Resnick, M. I., Willard, J. W. and Boyce, W. H.: Recent Progress 
in Ultrasonography of the Bladder and Prostate. Transactions of 
the American Association of Genito-Urinary Surgeons. To be 
published. 

8. Watanabe, H., Kaiho, H., Tanka, M., et al.: Diagnostic Ap- 
plication of Ultrasonotomography to the Prostate. Invest. Urol., 
8:548— 559, 1971. 

9. Willard, J. W. and Boyce, W. H.: Techniques for Ultrasonic 
Scanning of the Prostate. Proceedings of the Annual Meeting of 
the American Society of Ultrasound Technical Specialists and 
American Institute of Ultrasound in Medicine, Philadelphia, 
October 1972. 

10. Willard, J. W. and Bovce, W. H.: Ultrasound and the Prostate. 
Presented at the American Society of Ultrasound Technical 
Specialists and American Institute of Ultrasound in Medicine, 
Ann Arbor, Michigan, October 1973. 

11. Willard, J. W. and Boyce, W. H.: Ultrasonography of the 
Prostate and Related Structures. Presented at the American 
Society of Ultrasound Technical Specialists and American 
Society of Ultrasound in Medicine, Seattle, Washington, October 
1974. 

12. Willard, J. W. and Boyce, W. H.: Gray Scale Technique for 
Ultrasonography of the Pelvic Organs. Proceedings of the South 
Eastern Section of American Institute of Ultrasound in Medicine, 
Winston-Salem, North Carolina, October 1975. 


decisions regarding treatment. I believe we have to wait for a good 
deal of further refinement of these techniques before we can firmly base 
preoperative diagnoses on the information yielded by ultrasonic 
imaging. The performance of this technique has been much better in 
the diagnosis of aneurysmal lesions, particularly in the diagnosis of 
abdominal aortic aneurysms. These lend themselves particularly well 
to this technique because they represent interfaces between fluid and clot 
on the one hand and denser histological structures on the other. 

Yet we have had disappointments with ultrasonic studies in the 
diagnostic workup of abdominal aortic aneurysms in the sense that false 
positives have been rather common. I clearly recall two cases that 
were diagnosed very affirmatively by our radiologist as representing 
aneurysms, but in which aortography gave negative results. These 
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lesions proved to be retroperitoneal neoplasms. Why they gave the 
*typical picture of a hollow cavity, | am unable to explain. 

Conversely, as a negative diagnostic tool we found echography 
very reliable. If the ultrasonogram is negative for the presence of 
an abdominal aortic aneurysm, the lesion can be definitely ruled out. 
Thus the method is valuable as a screening technique, particularly in 
patients who represent poor operative risks. 


Dr. WILLIAM H. Boyce (Closing discussion): The differentiation 
of solid masses from those with cavities can be quite difficult in 
clinical diagnosis; some cystic structures appearing solid and some solid 
structures appearing cystic on the display. Since we are dealing with 
reflected energy, we may have "shadows" in the lee of a highly re- 
flective surface, giving the appearance of a cyst. Here is a malignant 
invasive tumor of the bladder which illustrates this phenomenon. The 
multiplicity of interfaces and transmission characteristics of the ab- 
domen and its contents may produce either false interfaces or spatial 
displacement of true interfaces on the display. These result from 
diffraction. reverberations, refocusing, reinforcement and other 
modifications of the generated or reflected waves, the representation 
of the energy signals by the equipment, and ultimately the interpreta- 
tion of the display by the operator. Recent advances in instrumenta- 
tion permit a wide range of operator-induced modification of the sonic 
beam and of the display by the receiving units. It is thus possible to de- 
tect with considerable accuracy the instrument induced "artifacts" 
, in the sonic field. This is especially true in anatomically limited 
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fields such as the pelvic organs where generator-receiver designs are 
specifically adapted to more accurate focus. 

The multiarray probes which electronically rotate a battery of pre- 
focused generators-receivers offer improved imagery in many fields 
other than the heart valves. 

With respect to the image scanners in sound and in roentgenog- 
raphy, these are so recent in development that few persons have any 
significant clinical experience with them. The bony framework remains 
a problem in imaging of soft tissues within the pelvis by any technique. 

In the developmental phases of ultrasonics the sonic technicians 
have had general purpose probes with limited ability to focus or other- 
wise modify the sonic beam. The probes were hand held and the image 
literally "painted in" on the display units. One should not be un- 
duly influenced by inaccuracies encountered in use of this type equip- 
ment. We have had 7 years continuous experience in the techniques 
of pelvic scanning as presented here. The purpose of this report is to call 
attention to phenomenal advances in the field in recent months, 
particularly the advent of gray scale scan converters and the promise 
of computerized digital imagery. 


PROFESSOR LARS-ERIK GELIN (Goteborg, Sweden): During the 
last year we have introduced ultrasonography to follow the size of 
kidney transplants, and the benefit of it is that it can be repeated often 
without harm to the patient, to discover deep fluid accumulations 
from urinary leaks, blood and lymph. In fact, a rejection episode is pos- 
sible to follow by kidney size if you reverse it or if it is progressive. 


Chenodeoxycholic Acid Induced Liver Injury in 
Pregnant and Neonatal Baboons 
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The prolonged feeding of chenodeoxycholic acid produces 
hepatic injury in both pregnant and non-pregnant baboons. 
CDC feeding does not adversely affect ovarian function 
and no teratogenic effects of this bile acid were noted in 
16 live birth and two stillborn progeny of CDC fed animals. 
However, 10 of the 16 live birth neonates and one stillborn 
had focal hepatic lesions histologically similar to those ob- 
served in the adult animals. In addition one neonate had gross 
hepatic necrosis. The severity of the liver damage was related to 
the content of lithocholic acid in the bile of both the neonates 
and their mothers. Experiments with ''C-chenodeoxycholic and 
HC-lithocholic acid demonstrate that the lithocholate in the 
enterohepatic circulation of the neonate is derived from the CDC 
fed to the pregnant adult. In the gallbladder bile of the neonate 
most, but not all, of the lithocholate is conjugated but un- 
sulfated. Both newborn and adult baboons sulfate lithocholic acid 
but to an extent less than that reported for man. Less efficient 
sulfation of lithocholic acid in the baboon may exaggerate the 
toxicity of CDC feeding in this species compared to man. Never- 
theless, the potential for adverse effects on the fetal liver 
must be recognized as a risk associated with the use of cheno- 
deoxycholic acid in women of child-bearing age. 
e 

iaren GALLSTONES have been dissolved in 

some humans by the prolonged oral administration of 
the primary bile acid, chenodeoxycholic (CDC).?! The 
mechanism of action is attributed to a decreased hepatic 
secretion of cholesterol into bile! as well as an expan- 
sion of the bile salt pool. Both factors contribute to an 
increase in the capacity of bile to solubilize cholesterol. 
Recent reports indicate that the chemical dissolution of 
gallstones may require the administration of CDC for 
periods of up to 2 years and that recurrence of calculi 
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is anticipated in approximately one-third of the patients 
when this compound is discontinued.?? Transient eleva- 
tions of serum transaminase and other hepatic enzyme 
levels are noted in patients treated with CDC. Although 
some patients receiving CDC have had liver biopsies 
interpreted as normal,? an accurate assessment of the 
hepatotoxicity of this compound must await an analysis 
of sequential liver biopsies in a larger group of patients. | 

The limitations of the efficacy of CDC therapy sug- 
gest that prevention rather than treatment should be the 
goal to reduce the incidence and the morbidity of this 
disease. In this respect, individuals at increased risk of 
gallstone formation might benefit most from efforts to 
decrease the lithogenicity of bile. Furthermore, small and - 
newly formed cholesterol stones are more susceptible to 
dissolution than larger stones or stones with a high 
proportion of calcium or other minerals in their matrix 
in addition to cholesterol.? There is clinical as well as 
biochemical evidence of increased susceptibility to gall- 
stone formation in women taking oral contraceptives.? 
Many clinicians also believe that pregnancy is a causative 
factor in gallstone disease and the experience at The 
New York Hospital-Cornell Medical Center supports this 
observation. In the age range below 25 years, more than 
95% of the patients with cholelithiasis are female and 
many of these women relate the onset of their symptoms 
to pregnancy, especially during the second and third 
trimesters.? 
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. The following study was performed in baboons to 
identify the potential hazards of CDC administration 
_ during pregnancy to the adult female as well as to the 
developing fetus. Baboons were selected for this study 
because they spontaneously form cholesterol gallstones, 
have a bile composition and enterohepatic circulation 
similar to man" and, of the non-human primates, 
most closely resemble man in cholesterol metabolism.* 


Materials and Methods 


Animal selection and maintenance. Twenty-six adult 
female baboons (Papio anubis and Papio cynocephalus) 
weighing between 10 and 16 kg were maintained at The 
Laboratory for Experimental Medicine and Surgery in 
Primates (LEMSIP), Tuxedo, N.Y. The animals were 
caged singly and fed standard Purina monkey chow. After 
a 45-day quarantine period, all animals had a complete 
blood count, urinalysis, clinical chemistries (sequential 
multiple analyzer with 12 determinations (SMA-12)), 
tuberculin test, and assessment of cage behavior and 
reproductive function. Laparotomy was performed and 
the fundus of the gallbladder sutured to the adjacent 
anterior abdominal wall to permit percutaneous aspiration 
of gallbladder bile for long-term studies of bile composi- 
tion and kinetics without reoperation or peroral intuba- 
tion. Wedge and needle liver biopsies were also obtained. 

On the basis of identification numbers, 8 animals were 
assigned to a control group and 18 to an experimental 
group. Upon completion of baseline studies, all animals 
were mated during the periovulatory period for 3 to 5 con- 
secutive days with one of two males until pregnant. 

The experimental animals were fed CDC dissolved in 
ethanol (0.5 mg/ml). This solution was injected into 
oranges which were fed to each animal prior to their 
daily ration of monkey chow. Control animals were fed 
an equivalent volume of the carrier alone (ethyl alcohol 
in an orange). The CDC was purchased from Weddel 
Pharmaceuticals, Ltd., London, and purity of lots was 
checked by gas-liquid chromatography. All lots were 
greater than 99.196 pure. Two baboons were given CDC 
18 mg/kg/day for 27 months; 10 were progressed by 2 
mg/kg/week from 18 to 38 mg/kg/day and have been main- 
tained at this dosage for periods ranging from 16 to 31 
months; 6 animals were started and maintained on 38 mg/ 
kg/day for periods of 13 to 23 months. The animals were 
observed daily for general appearance, cage behavior, 
reproductive function, food consumption or wastage and 
nature of excreta. They were weighed at monthly 
intervals. Ketamine hydrochloride and/or phencyclidine 
hydrochloride were used for procedures requiring seda- 
tion and for preoperative anesthesia, respectively. 

Tissue morphology. Percutaneous liver biopsies were 
 Obtained at intervals of 1 to 3 months from all adult 
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control and CDC fed animals. The GDC induced focal 
histologic damage in the liver was graded on a scale of 1+ 
to 4+ based upon the extent of focal periportal acute 
and chronic inflammatory cell infiltrate, bile duct re- 
duplication, extension of the lesions into adjacent 
parenchyma with confluence between some individual 
portal areas, and increase in connective tissue in and 
adjacent to some periportal areas. 

The progeny of both control and experimental animals 
were either sacrificed at birth or at intervals up to 18 
months of age. Both stillborn and live birth neonates 
had complete postmortem examinations including skele- 
tal radiographs in selected animals. Five neonates born 
to control animals were sacrificed at birth and another 5 
at 6 months of age. Of the neonates born to CDC fed 
animals, 7 were sacrificed at birth, two at age 6 months, 
5 between the ages of 6 to 12 months, and one at age 18 
months. One neonate in this group, age 7 months, has 
not yet been sacrificed. Neonates not sacrificed at birth 
were operated upon within the first 3 days of life and at 
intervals of 1 to 2 months thereafter to obtain needle 
biopsies of the liver and samples of gallbladder bile. The 
degree of liver injury in the neonates born to CDC fed 
animals was classified as minimal, moderate or severe. A 
minimal hepatic lesion denotes the presence of focal 
periportal bile duct reduplication and infiltration. of 
inflammatory cells. Moderate hepatic damage sig- 
nifies wider, more extensive focal periportal inflam- 
matory cell infiltrate and abundant foci of bile duct re- 
duplication. Severe liver damage indicates gross hepatic 
necrosis in addition to the above microscopic ab- 
normalities. 

Biochemical parameters studied. All adult animals had 
SMA-12 determinations at monthly intervals for the dura- 
tion of these experiments. The lipid (cholesterol, 
phospholipid and bile salt) composition and per cent of 
individual bile acids (cholic, chenodeoxycholic, deoxy- 
cholic and lithocholic) in gallbladder bile were measured 
in all animals before CDC feeding and at intervals of | to 
3 months thereafter. The pool size ang kinetics (half- 
life and synthesis rate) of the primary bile acids (cholic 
and chenodeoxycholic) were determined in 6 control and 
10 experimental animals before and at 4 to 6 month 
intervals after the initiation of CDC feeding. Tracer bile 
acids ('*C-cholic and '*C-chenodeoxycholic) were ob- 
tained from New England Nuclear Corporation and 
purified by thin-layer chromatography. The methods em- 
ployed for these determinations have previously been 
reported.^'? 

Studies of maternal and fetal bile acid metabolism. 
The metabolism of chenodeox ycholic acid and its principal 
metabolite, lithocholic acid, was studied in adult pregnant 
and non-pregnant animals as well as newborn baboons. 

Gallbladder bile was obtained from all of the neonates 
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and their mothers within 72 hours of birth. In the 
neonates the bile was obtained at autopsy, or, in those 
animals selected for long-term studies, by laparotomy. 
The per cent of individual bile acids in maternal and 
neonatal gallbladder bile was compared. In those 
neonates born to CDC fed adults and not sacrificed at 
birth, the per cent distribution of biliary bile acids was 
restudied at intervals of 1 to 2 months until normal. 

The following study was performed in one animal to 
establish the source of lithocholic acid in neonatal 
bile and to study the transplacental transfer of both 
chenodeoxycholic and lithocholic acids. Unlabeled cheno- 
deoxycholate (20 mg/kg/day) plus 0.17 wCi/kg/day of *C- 
chenodeoxycholate was fed to this baboon for 7 months 
prior to conception and continued during gestation (183 
days). At term the animal had a Cesarean section and 
bile was aspirated from the gallbladder. The neonate was 
operated upon shortly after birth and a sample of gall- 
bladder bile obtained. 

The bile samples from both the neonate and its mother 
were analyzed in an identical manner. One-tenth milli- 
liter of bile was dissolved in | ml of ethanol and 
samples were first solvolyzed with dimethoxypropane and 
HCl, and then hydrolyzed with 2N NaOH. Neutral 
steroids were removed at the alkaline pH with petroleum 
ether; the pH was then adjusted to 1-2, and the bile 
acids extracted with ethyl acetate. Following methyla- 
tion, the bile acid extracts and suitable standards were 
plated on 500 mu Silica Gel G plates using the solvent 
system iso-octane:ethyl acetate:acetic acid (5:5:1, v/v) to 
separate the individual bile acids. After drying, the TL.C 
plates were covered with unexposed radiographic film and 
secured in an x-ray cassette for 2 weeks. The radiographs 
were then developed and the radioactive standards and 
the radioactivity in the respective bands identified on the 
TLC plates. Using the radiographs as guides, the in- 
dividual bile acid bands on the chromatograph were 
removed from the plate. The bile acids were eluted from 
the silica with methanol and dried. The residue was 
dissolved in 2 ml of methanol, and one-half of this sample 
was used for measuring radioactivity (dpm) and the other 
half used to determine the mass of the bile acids by GLC 
using an OV-210 column. For the latter, trifluoroacetate 
derivatives were prepared. 

The capacity of the adult baboon to conjugate and 
sulfate !*C-lithocholic acid was studied in 2 non-pregnant 
animals by the method of Palmer.'5 10 j4Ci[24-"C] 
lithocholate (specifit activity 41 mCi per mmole) was in- 
jected intravenously and samples of gallbladder bile 
aspirated at 2, 8, and 24 hours. One-tenth milliliter of 
bile from each sample was diluted 1:10 with methanol, 
vortexed and the supernatant removed. One-tenth milli- 
liter of the supernatant plus suitable standards were then 
plated on 500 mu Silica Gel G plates using the solvent 
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system n-butanol:tris:propionic acid (50:9.25:0.75:v/v) to 
separate the individual bile acids. After overnight dry-` 
ing, the TLC plates were covered with unexposed 
radiographic film and secured in x-ray cassettes for 1 
week. The developed radiographs and the standards, 
identified by phosphomolybdic acid on the TLC plates, 
were used to identify and remove the sulfated and non- 
sulfated conjugates of lithocholate separately from the 
TLC plates with Hursh funnels. The bile acids were 
eluted from the silica with hot methanol and dried under 
N». The radioactivity of each of the samples was deter- 
mined by liquid scintillation counting and the ratio of 
sulfated and conjugated lithocholate to conjugated litho- 
cholate alone was determined by the ratio of the counts. 

An additional study was performed to measure the 
capacity of the liver of the newborn baboon to conjugate 
and sulfate lithocholic acid. Within minutes of delivery, a 
newborn baboon was given 3 uCi'*C-lithocholic acid. A 
sample of gallbladder bile from this baboon was obtained by 
laparotomy at age 3 days. The per cent of sulfated and 
unsulfated conjugates of lithocholic acid were measured 
in this bile sample by the method described above. 

To determine if the conjugated lithocholate perfusing 
the liver of the developing fetus was sulfated or un- 
sulfated, the following experiment was performed. A 
pregnant near-term baboon was given 70 pCi "'C- 
lithocholic acid intravenously and the neonate delivered 
by Cesarean section 6 days later. Three days after de- 
livery, samples of gallbladder bile were obtained from 
this adult baboon and its neonate at the same time. In both 
bile samples the per cent sulfated and unsulfated 
conjugated lithocholate were determined. 


"Results 


Animal health and reproduction. All animals, control - 
and experimental, remained healthy throughout the study. 
Exclusive of anticipated changes during pregnancy, 
both groups of animals increased their mean weight by 
1.5 kg. There were no adverse gastrointestinal signs such 
as vomiting or diarrhea in the CDC fed animals. 

In the time span of this study, all 8 control and 15 of 
the 18 (83.3%) CDC fed animals have had at least one 
pregnancy. Menstrual cycles were regular in all of the 
animals including those that failed to become pregnant. 
Control animals had a total of 14 pregnancies and CDC 
fed animals, 20. There were two spontaneous abortions 
and two stillbirths in both the control and experimental 
groups. Thus it appears that chenodeoxycholic acid does 
not adversely affect ovarian function. 

Tissue morphology. In the adult control animals, the 
initial as well as sequential liver biopsies obtained at 
intervals of 3 months over the 31 month period of study 
were essentially normal. The current assessment of the de- 


Vol. 184° No. 4 CHENODEOXYCHOLIC ACID INDUCED LIVER INJURY s 493 


- ^»- " ^ ^" s$ A, i . . 
á $ Yà PLE * He = La > os ~~ "mE > > P; i, ^ * 
v =- > TX d " * — J » d " 
ES * . », ó " ^ ‘ X - " » " > -l ~ Q^ ^ éN e " o r . " " 
» > » " © E - .. . " bome «© >a 
: +s > ^ e . t.e.d e s be . Zi Ve " - . “ve PN . c " "wu 
4 . EI . i . ~ gt 
TELS fe wh TN ` “¢ Ta e : e - > Kata eee = ^ j b . Nc LHP due" 
a." - ^ ' e " ' = ^. a - 
- ER eT. o> ‘ ms ' Mom , 
VAS ev e" n "] x "M ^ ' , 7 x. ^ - b uss ^ 2. v- » ." e 
ird ESSE NA (NS ¥ " ; aes Os be f, cans a ; 
w w > Mu m - > ` 4 , "s 
= a. Ea N m ’ : 
oes < a E ` 2 1 ots ~~. t 
< ` ‘ y " , 
. & " e - ? - 9 
tr T » 4 C AM 5 = r ul " 
= ` 2^ MN * 1 1545. E ^ * A, M x = ` , 
T? M = z d S" e RW - RE So 
"o 5 T > id ` v 
i Pe Om e ~ 2 v3 t 
, as ee ~~ > " H A 7 " è e x. 
> " ^ ie~ " Me dan a : AN , 
"ww ey © C " AN a ~ ` 
" » "1^ fe a à)" D. - 
* ee. = a Y ^. ' > LA e 
. Jm i R d à . 
` Vr x v l +s » *47 " mee b ac ^ y 
E 5. ."W - ` , ô - . . 
< L ~ w 
Av ORS ae SF à, 4 i e w X 
EJ "Tv x è 5 Me A “te ^ > 
"T - seg ~ 4 A K ` s . E “ 
" s E i - Š 2 * , ` " = E " 
- i. AUT SN iR - ~~ - E < 4 v ~ 
". E ir w - era, ^". P " MT "Aux 5 oe 
p" > = Sj F$ e- 3 v DW : . s. ow T. OM CE 
A q ~ a 
We M. .- » . 3 : E 3 " A "i Z VU ` v 4 . à bk. . 
y > .* gras? r^ » * 0 *« a - u ~ Li A ^ 1 " 
" ^ . " . T v - X R B 
PO TE o Yeth : OT su " e — oe AN 
$ " 3 
T, -P ; < lu. js E TNT “ ° r= í » "ee. E l^ e 
: " S ~ ^ =- 
“ear ey Sa S ` "ADAE S As J Heas Afas ° EnaA en " uw 
d ~~ "^ umo + ` =- ^ h , RA .> 1< m 
- >* ^ e r E am uw > * ^ - > A * 
Ps CU 4 b ~ » -— & * * = = ; ." --- > » . " x d 
> 7 > a d ^ ," .* o- -'* ~ J " - e E » * 
wc "ca : - : . . , "MeL "o! | Rug Ne ` 
^ $ r A tin i " J - "Rh. ow y 
= g? ^ s. i m "- a " VAT 1 E |" " K $ emus ÁN 
"d ` »X ^ ` P ~~. . = vk " dAn A - C "lA 
y » ^ ~ > - " , s v " 
A =- å - o ` - P 
» $ ` ta > " ^ a ‘ " - 4^. wi ^» . -5 
t ^ " '* LES "1 " «v 
* e- y E - c e a 
^ 2» 9 d ^s c P kN - Je - pe. oe " 
= > » ae - Jw oc 
^ - » - v 
>, Fy ~ E - “ os * ‘ " ` -> * 
P» ut > ow Dat ` v ae. O = * < 
P ' - » Ld J - " e < Pi ` we ` > . > 
v X " D - = 7 " x. AE 2 " B 
Ii c - 





Fic. 1. Photomicrograph of liver biopsy in CDC fed adult baboon that failed to become pregnant (H & E x96). The extent of focal periportal 
inflammatory cell infiltration, bile duct reduplication and increased connective tissue was graded 3+ (see text). The histologic features of CDC in- 
duced liver injury are similar in those baboons that achieved pregnancy. 


Fic. 2. The normal portal triad in a neonate baboon born to a control animal (H & E x96). 


. 
Fic. 3. Focal periportal inflammatory cells and bile duct reduplication in the liver biopsy of a neonate baboon with minimal hepatic injury 
(H & E x153). 
Fic. 4. Photomicrograph (H & E x60) of the liver biopsy in a neonate with moderate hepatic damage. The lesions are more extensive and involve 
adjacent portal areas. 
Fic. 5. The cut surface of the liver in the neonate with severe liver injury reveals necrosis and obstruction of a large bile duct. 


FiG. 6. The same neonate at Fig. 5 (H & E x96). In the area of necrosis there is bile duct transformation of hepatocytes. 
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Fic. 7. The relationship of the severity of the hepatic lesions in the 
neonate baboons to the extent of liver injury in their mothers. One adult 
animal with no evidence of hepatic toxicity gave birth to a neonate with 
minimal liver injury. 


gree of liver damage in the 15 CDC fed animals that became 
pregnant during the course of this study is as follows: 
one is negative, two have 2+, seven have 3+, and five 
have 4+ lesions. The three other experimental animals 
that failed to become pregnant have 3+ hepatic lesions. 
The most recent liver biopsy of one of these animals 
is depicted in Fig. 1. The histologic characteristics 
of the focal liver lesions in pregnant and nonpregnant ba- 
boons fed CDC did not differ significantly. The degree of 
liver damage appears to be related to the dose and duration of 
CDC feeding." In two of the three CDC fed animals with 
hepatic lesions graded as negative or 2+, feeding records in- 
dicate that one-eighth to one-third of the CDC impregnated 
orange was often found in the daily food wastage. This obser- 
vation was infrequent in animals with hepatic lesions of 
greater severity. Animals that rejected portions of the 
CDC containing oranges developed hepatic lesions at a 
rate slower than animals that vigorously ingested the 
oranges. 

Postmortem studies of the stillborn and live birth 
neonates of both control and CDC fed animals revealed 
no osseous or extra-hepatic soft tissue lesions; no terato- 
genic effects of CDC were identified. All of the neonates 
born to control animals as well as 6 of the 16 live birth 
neonates and one of the two stillbirths born to experimental 
animals had no gross or microscopic evidence of liver 
damage (Fig. 2). Focal hepatic lesions were pres- 
ent in 10 live birth neonates and one stillborn among 
the progeny of CDC fed baboons. The degree of liver 
injury was classified in the neonates as minimal 
in 4 (Fig. 3), moderate in 5 (Fig. 4) and severe in 
one (Figs. 5 and 6). The severity of the liver lesions in 
the neonates did not necessarily correlate with degree of 
hepatic injury in their mothers (Fig. 7). 

In three neonates with minimal hepatic lesions at birth, 
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serial liver biopsies at intervals of 1 to 2 months, 
disclosed gradual disappearance of the inflammatory cells 
and bile duct reduplication such that the biopsies were 
interpreted as negative at ages 5, 8 and 12 months 
respectively. One neonate with moderate hepatic damage 
at birth and followed for 7 months does not yet have 
histologic evidence of regression of the lesion. 

Biochemical effects. The per cent distribution of 
the individual bile acids in bile and the pool size of cholic 
and chenodeoxycholic acid during the control period and 
at the conclusion of the study are depicted in Fig. 8. 
Compared to controls, both pregnant and non-pregnant 
CDC fed animals have exhibited a marked expansion 
of the chenodeoxycholic acid pool size and an increase 
in the per cent of this bile acid in bile. Lithocholic acid, 
produced by bacterial 7a-dehydroxylation of cheno- 
deoxvcholic acid in the lower gastrointestinal tract, also 
has increased significantly from a mean of 2.0 + 1.5% in 
controls to 10.4 + 5.4% in the CDC fed animals that 
became pregnant and to 6% in the three animals that 
failed to achieve pregnancy. 

Table 1 depicts the cholesterol, phospholipid, and bile 
salt concentrations in gallbladder bile in control and 
experimental animals. CDC feeding resulted in a sig- 
nificant (P < 0.05) decrease in the cholesterol concentra- 
tion of bile, similar to the effect reported by Adler et al.! 
in humans fed this bile acid. 

Serum from control animals revealed elevations above 
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Fic. 8. The per cent distribution of the individual bile acids in bile and 
the pool size of cholic and chenodeoxycholic acid in control animals 
and in CDC fed experimental baboons. CDC = chenodeoxycholic; 
L = lithocholic: CH = cholic: D = deoxycholic acid; (n) = number 
of animals. 
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4 TABLE 1. Lipid Composition of Gallbladder Bile in Adult Control and CDC Fed Baboons , 
Experimental 
^ Controls Pregnant (P value) Non-pregnant (P value) 
Cholesterol* 22:62: 5.5 160+ 5.6 <0.05 13.4 «0.05 
Phospholipid 38.1 + 15.1 33.8 + 12.0 n.s.f 45.6 n.s. 
Bile salts 314.0 + 67.8 266.3 + 111.9 n.s. 260.5 n.s. 


F7 





- 


* Amounts expressed in umol/ml + S. 
T n.s. = not significant. 


50 i.u. in serum glutamic oxalacetic acid transaminase 
(SGOT) in 6.7% and serum glutamic pyruvic trans- 
aminase (SGPT) in 3.676 of 160 samples. In the 15 
CDC fed animals that became pregnant SGOT levels 
above 50 i.u. were noted in 31.7% of 161 samples 
obtained at monthly intervals during the non-pregnancy 
periods and in 27.4% of 84 samples obtained during 


pregnancy. Concomitant measurements of SGPT re- ` 
- vealed abnormally high levels in 36% of serum samples 
‘during the non-pregnancy periods and 53.6% during 


pregnancy. The increased frequency of abnormally high 
SGPT levels during pregnancy is statistically significant 
by the chi-square test at the 0.05 level and suggests 
that with respect to this enzyme system, the adverse ef- 
fects of CDC feeding are more pronounced during 
pregnancy. 

Maternal-fetal bile acid metabolism. The per cent dis- 
tribution of the individual bile acids in neonatal gall- 
bladder bile is listed in Table 2. With few exceptions, 
the bile acid patterns in the neonates paralleled the 
per cent distribution of bile acids in their mothers' 
gallbladder bile. In terms of the degree of neonatal 
liver damage, only the proportion of lithocholic acid in 
both neonatal and maternal bile correlated with, the 


~; extent of liver injury (Fig. 9). 


In 6 neonates born to CDC fed animals and followed 


- for sufficient time, the per cent distribution of bile acids 


revealed elevated chenodeoxycholate and lithocholate 
levels that lasted for periods ranging from 4 to 8 months. 
One neonate, separated from its mother shortly after birth 
and bottle fed, had increased proportions of chenodeoxy- 
cholic.and lithocholic acid in gallbladder bile for 4 months. 


` This neonate, now 7 months of age, has focal histologic 


evidence of persistent moderate liver damage. It is un- 
likely that CDC from breast milk or oranges intended for 
their mothers is responsible for the persistent liver 
damage or prolonged elevated levels of chenodeoxycholic 
or lithocholic acid in the neonates. Baboons, adult and 
neonate, are not coprophagic. 

In the neonate born to the animal fed both the unlabeled 
and !4C-chenodeoxycholic acid throughout gestation, the 
distribution of radioactive counts in the neonate’s bile was 
chenodeoxycholic acid 45% and lithocholic acid 40%. 
The specific activity of the lithocholic acid fraction in the 
mother’s bile was 9.12 and, in the bile of the neonate, 
9.15. Thus the lithocholic acid in neonatal bile is de- 
rived from the CDC fed to the adults. 

In the two adult and one newborn baboon studied 
there was conjugation and sulfation of '*C-lithocholic 
acid. In one adult animal, the per cent conjugated and 
sulfated lithocholate was 7.6%, 8.1% and 11.3% at 2, 8 
and 24 hours respectively. In the other adult, 6.2%, 5.3% 
and 5.0% of the “C-lithocholic acid was conjugated and 
sulfated at 2, 8 and 24 hours respectively. In the new- 
born baboon, 4% of the '*C-lithocholate was conjugated 
and sulfated; and 96% conjugated and unsulfated in the 
sample of gallbladder bile obtained at age 3 days. There- 
fore in the adult and newborn baboon, only a relatively 
small proportion of the lithocholate is sulfated; most of 
the lithocholate is conjugated but unsulfated. 

The liver of the developing fetus is perfused by both 
sulfated and unsulfated conjugates of litRocholic acid. In 
the near-term pregnant baboon given a large bolus of 
1*C-]ithocholic acid intravenously, the distribution of re- 


TABLE 2. The Degree of Liver Injury in Neonate Baboons in Relation to the Per Cent of Individual Bile Acids in Gallbladder Bile at Birth 


Per Cent Individual Bile Acids in Bile 


Neonate Liver Injury Cholic Chenodeoxycholic . Deoxycholic Lithocholic 
Controls 29.7 + 10.1 57.3 € 6.9 10.3 + 7.2 3.134 22 
Experimental 
Negative 14.2 7.0 81.3 + 10.3 3.0 x 3.3 1.4 € 1.5 
Minimal 9.32 8.8 81.5 € 6.7 2:5 m9 1.5 6.8 + 5.9 
: Moderate 10.6 + 7.6 75.6 + 6.0 3.4 + 3.1 9.8 + 3.2 
< Severe 18. 12: 4. 6. 
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Fic. 9. The lithocholate content of bile in the neonates and their 
mothers in relation to the severity of the hepatic injury observed in the 
neonate baboons. The degree of liver injury is related to the per cent 
of lithocholic acid in bile. (Closed circles = neonate, closed squares 
= adult). l 


covered radioactive counts was 19% in the mother’s bile 
and 81% in the bile from the neonate. In the mother’s 
bile 22% of the conjugated lithocholate was sulfated 
and 78% was unsulfated. In the neonate’s bile 12% was 
conjugated and sulfated and 88% only conjugated. The 
relative contributions of the sulfated and unsulfated 
conjugates of lithocholate to the production of the liver 
damage cannot be ascertained from this experiment. 
Quantitatively, the unsulfated fraction would appear 
to be the most important. 


Discussion 


Hepatotoxicity secondary to CDC feeding has been 
reported in the adult rhesus monkey, in rabbits and in 
mice; similar histologic lesions have been produced by 
dietary lithocholate in such primates as the squirrel 
monkey, rhesus monkey and the baboon as well as other 
animal species. The adverse effects of lithocholic 
acid include the capacity to produce intense fever, 
tissue damage, inflammation and proliferation of bile 
ducts and ductular cells.” 

A previous report? from this laboratory described 
the hepato-toxicity in adult baboons fed CDC for 1 year. 
The present study extends these observations and indi- 
cates that this toxic response is similar in both 
pregnant and non-pregnant animals. In CDC fed preg- 
nant animals the increased frequency of elevated SGPT 
levels suggests that there may be enhanced susceptibility 
to chenodeoxycholic acid toxicity during pregnancy. 
Studies similar to those reported herein should be per- 
formed in animals receiving oral contraceptives. Condi- 
tions other than pregnancy that are associated with in- 
creased amounts of estrogen or estrogen metabolites in 
the liver may enhance the adverse effects of cheno- 
deoxycholic acid. 
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CDC feeding produces hepatic lesions in the develop- | 


ing fetus that are similar in appearance to those in the 
adult animals. In other toxicity studies it has been dif- 
ficult to distinguish the effects of chenodeoxycholate 
from its intestinal metabolite, lithocholate. The present 
study provides evidence that the liver lesions are 
produced by lithocholic acid. The degree of liver 
injury in the neonate baboons paralleled the per cent 
of lithocholic but not chenodeoxycholic acid in the bile 
of both the neonates and their mothers. In the one 
neonate with severe liver damage, the per cent of 
lithocholic acid (6%) in neonatal bile was less than ex- 
pected in comparison to the neonates with less extensive 
liver injury. In this particular neonate (Fig. 5) with 
gross hepatic necrosis, the severe liver damage may have 
altered or impaired the excretion of bile acids into bile. 
Since no other neonate exhibited this lesion, one cannot 
exclude the possibility that factors other than CDC feed- 
ing produced the necrosis. Within the area of necrosis 


there was apparent obstruction as well as necrosis of a | 


major bile duct. Thrombi were not noted in the larger 
blood vessels to suggest that the lesion was vascular 
in origin. The studies with '*C-lithocholate demon- 
strate transplacental passage of lithocholic acid between 
the mother and its developing fetus. The gut of the fetus 
is sterile and therefore not a source of lithocholic acid. 
The toxicity studies of chenodeoxycholic acid in 
baboons have served to identify the potential hazards of 
the use of this agent in the treatment of human gall- 
stone disease. We and others’ have recognized that there 
are important species variations in the metabolism of 
individual bile acids which may modify the hepatic re- 
sponse to CDC feeding. In this respect man possesses 
two biochemical mechanisms believed to minimize the 


toxicity of lithocholic acid. Salen et al.!” and Stiehl et al.!? 
have reported increased levels of ursodeoxycholic acid M 


averaging 17% of the total bile acids in patients taking 
chenodeoxycholic acid. Ursodeoxycholic acid is the 7B- 
hydroxy epimer of chenodeoxycholic acid and is normally 
found in only trace amounts in human bile and feces. Cur- 
rent evidence suggests that intestinal bacteria with 7a- 
hydroxy dehydrogenase activity convert chenodeoxy- 
cholic acid to 7-keto-lithocholic acid and that further 
biotransformation of this bile acid to ursodeoxycholic 
acid takes place in the liver. An alternate explanation 
is that the 7a-hydroxy group of chenodeoxycholic acid 
could be directly epimerized in the liver. There is only 
scant knowledge of the pharmacologic behavior of urso- 
deoxycholic acid in man. A preliminary report by 
Makino”! indicates that ursodeoxycholic acid is capable 
of dissolving gallstones without the attendant elevations 
of the serum transaminases that have characterized the 
administration of chenodeoxycholic acid in man. 


ye 
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The other and perhaps more important mechanism to ^ 
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e reduce the toxicity of increased biliary lithocholate in 


humans is enhanced sulfation of this bile acid by the liver. 


= Bile acids are conjugated at the C24 carboxyl group with 


the amino acids taurine and glycine prior to their 
excretion into bile. In 1967, Palmer! studied the biliary 
metabolites of !^C-lithocholic acid in man and identified 
3a-sulfate esters of glycolithocholic and taurolithocholic 
acids. This observation that humans conjugate and also 
sulfate lithocholic acid has important clinical implications. 
In 2 patients the fraction of endogenous sulfated litho- 
cholate in bile was 41% and 75% of the total litho- 
cholate.!95 Cowen et al.> reported 60% sulfated lithocholate 
following the injection of labelled precursor in healthy 
humans. Sulfated lithocholate does not appear to be 
toxic in laboratory animals$ and, because of its increased 
polarity, 1s resistant to reabsorption back into the entero- 
hepatic circulation from the proximal small bowel. 

Our experiments demonstrate that the baboon also 
possesses the enzyme system required for sulfation of 


- lithocholic acid. The system is operative in the newborn 


animal and, by inference, may be functional in utero. 
Additional experiments are necessary to determine the 
activity of hepatic sulfating enzyme systems in the fetal 
liver. Both sulfated and conjugated lithocholate cross the 
placenta and enter the enterohepatic circulation of the 
feta] liver. With respect to its capacity to sulfate 
lithocholate, the baboon is less efficient than man. 
Palmer! has suggested that sulfate esterification may oc- 
cur more readily with glycolithocholate than with the 
more polar taurolithocholate. In the baboon, bile acids 
are conjugated predominantly with taurine. This may in 
part account for the relatively small proportion of litho- 
cholate sulfated in baboons and explain some of the dis- 
crepancy observed in the hepatotoxicity due to CDC 
feeding in these two species. 

Although sulfation is an important detoxification 
mechanism for lithocholic acid, CDC feeding may ex- 
pand the pool size and alter the turnover rates of both 
the conjugated as well as sulfated lithocholate frac- 
tions. Expansion of the pool size of these fractions, 
particularly the conjugated but unsulfated lithocholate, 
could be more important in terms of the degree of 
hepatic toxicity than the per cent of lithocholic acid 
sulfated by any particular species. Information con- 
cerning sulfating enzymes in humans is scant. Inhibition 
of these enzymes due to prolonged CDC feeding or by 
other metabolites of this bile acid may occur. Under 
these circumstances more serious hepatic toxicity in hu- 
mans fed CDC may be observed. 

Our understanding of fetal and neonatal bile acid 
metabolism and hepatic detoxification mechanisms dur- 
ing intra-uterine life is incomplete. The experiments 
reported herein demonstrate that CDC feeding of preg- 
nant baboons produces serious hepatic injury to the 
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developing fetus. With respect to humans, it is important 
to emphasize that similar hepatic damage to the de- 
veloping fetus is theoretically possible. Sharp et al.!? have 
demonstrated lithocholate in human meconium. There- 
fore transplacental transport of this bile acid must occur 
in humans as well. Until intra-uterine bile acid metabol:sm 
is better understood in humans, the potential for ad- 
verse fetal effects with CDC therapy for the prevention 
or treatment of cholesterol gallstone disease in women of 
child-bearing capacity must be recognized. 
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DISCUSSION 


Dr. FRANK G. Moor (Salt Lake City, Utah): As a consultant to 
the Clinical Management Committee of the National Chenodeoxycholic 
Acid Trial, I have had to consider what dissolution means in terms of 
my own practice as it relates to the treatment of gallstone disease. 
The answer is not in, but it is known that chenodeoxycholic 
acid is effective in dissolving cholesterol galistones. And the question 
now rests, I believe, with its safety and whether in fact patients 
will take the pills, and whether the stones will come back once the pills 
are discontinued. 

With this knowledge, should I modify my approach to patients with 
gallstones at this time? The answer obviously is no. One should con- 
tinue (at least, l'm going to continue) to use the indications that 
have been used in the past, except possibly in elderly patients who are 
mildly symptomatic and who have other associated disease, where the 
risk of cholecystectomy may be high. 

I would be interested to know Dr. McSherry's approach to this 
particular problem of how one should direct their surgical practice of 
gallstone disease at this point in time. 


Dr. RONALD K. Tompkins (Los Angeles, California): We're 
seeing somewhat of a paradox here; that is, there is already under way 
a federally funded clinical research protocol in humans to screen an 
agent in which the animal toxicity studies are just now coming to 
light and being really carefully done. I think that Dr. Moody has 
accurately portrayed the role of this agent at the moment, and that is that 
it should remain completely investigational. I think that is assured by the 
fact that most practicing surgeons and physicians— especially physicians 
—cannot obtain this material easily for use in their patients. 

I have received in just the last two weeks a letter from a practicing 
surgeon in Northern California asking what the dose is of this material, 
and where he could get some for one of his patients. So I think it must be 
clearly stated in these discussions and in the paper that this material is 
potentially dangerous. 

Our group has been studying the ''east'" side of the lipid tri- 
angle, that of administration of phospholipids or lecithin, and have 
recently completed a two-year prospective demonstration study in 
ambulatory patients with gallstones, cholesterol in type, as judged from 
duodenal drainage and analysis of the bile, and have not observed any 
stone dissolution after two years of around 48 gm of commercial 
lecithin a day. Thif'is quite a lot of pills for anyone to take. The 
lecithin used is not a pure compound, being only approximately 30% 
phosphatidyl choline, with the other two-thirds as carriers. However, 
we did not observe any toxicity, and there was a definite and 
statistically significant increase in the cholestercl-dissolving capacity of 
the duodenal bile. It was not enough, unfortunately, to result in any gall- 
stone dissolution. 

Our studies at the moment are in the direction of providing pre- 
cursors of biliary lecithin synthesis, and we have evidence from 
animal studies that this may be much more effective than commercial 
lecithin alone. 

I have appreciated the opportunity to hear this paper, and I'd like, in 
conclusion, to ask the authors if they could let us know: What is the 
position of the NIH study group now toward ‘‘cheno”’ on the basis of 
the authors' findings, and also if they saw any relationship between the 
increasing doses of chenodeoxycholic acid that they used in the ani- 
mals and the severity of liver disease. 
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20. Thistle, J. L. (cited by Hofmann, A. F.): Chenodeoxycholic, 
Acid Therapy of Gallstones— Progress Report 1975. Hofmann, 
A. F., Paumgartner, G. (Eds.). Stuttgart —New York, F. K. 
Schattauer Verlag. 

21. Thistle, J. L. and Hofmann, A. F.: Efficacy and Specificity of 
Chenodeoxycholic Acid Therapy for Dissolving Gallstones. N. 
Engl. J. Med., 289:655, 1973. 


Dr. LAWRENCE Way (San Francisco, California): The series of 
experiments on the effects of chenodeoxycholate in primates from this 
laboratory has emphasized the necessity for caution when using this 
compound in humans. Their data support the conclusions that 
chenodeoxycholate is hepatotoxic to pregnant baboons and their fetuses, 
and that the degree of liver damage is related to the amount of 
lithocholate in the bile of the animals. The findings are also compatible 
with the theory that the ability to sulfate lithocholate is a critical factor 
in determining its toxicity. 

The following are some questions which occurred to me while read- 
ing the manuscript. First, how were the doses of chenodeoxycholate 
selected, and are these doses comparable to those required to dis- 
solve stones in humans? Are higher doses of chenodeoxycholate 
necessary in pregnant, versus nonpregnant, animals to obtain the same | 
improvement in bile composition? My calculation of the bile salt plus 
phospholipid to cholesterol ratio indicated that there was less of an 
improvement in the pregnant animals compared to the nonpregnant 
controls. 

Another question: Is the extent of conversion of chenodeoxycholate 
to lithocholate similar in humans and baboons? 

Thirdly, having found that the SGPT levels were more often high m the 
pregnant, compared with the nonpregnant, animals, the authors 
tentatively suggested that chenodeoxycholate was more toxic during 
pregnancy. And if so, if toxicity is related to the ability to sulfate, do you 
believe that this ability is affected by pregnancy? 

The evidence was convincing that the lithocholate in neonates was 
derived from their mothers. But elevated lithocholate levels persisted in 
these animals for some months after birth. These two observa- 
tions seem contradictory since lithocholate of maternal origin 
should probably not last this long. Do you have any speculations about 
that? 

Undoubtedly, some of these questions have no answers at present; 
perhaps they will be addressed in future experiments. Certainly the 
current study underscores the wisdom of avoiding chenodeoxycholate 
in premenopausal women with our current state of knowledge. 


Dr. C. K. McSHerryY (Closing discussion): With respect to Dr. 
Moody's question concerning the older patients; it may be that these 
individuals will prove to be the least favorable candidates for 
chendeoxycholic acid therapy. These patients have had the disease 
for longer periods of time, and as a consequence, have poorly function- 
ing gallbladders, and stones that often contain more calcium salts 
than younger patients. These factors may limit the usefullness of 
chenodeoxycholic acid therapy in the older patients. 

With respect to the National Institutes of Health cooperative gall- 
stone study in humans, our toxicity studies in the baboon have served 
to identify the potential hazards to patients included in that study. In this 
sense, I hope we have provided them with a reasonable service. 

With respect to Dr. Way's question concerning dosage, when this 
study was started three years ago, the dosage we employed at the low 
range was 18 mg/kg/day. At that time this was the dosage employed in 
humans by the Mayo Clinic. However, since then they have reduced 
the dosage; but in order not to confuse our protocol, we elected to 
stay at the same dose. So at the present time our dosage range 
employed in these animals represents a range from between one 
and four times that currently employed in humans. 

With respect to the changes in bile acid composition in the pregnant 
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versus nonpregnant animal, I don't think they are significantly differ- 


ent, because we have a large pregnant group, and a small group 


that didn't become pregnant. 

It is true, and we have noted in the neonates, that the litho- 
cholate level persists for anywhere from 4 to 6 months. We can't ex- 
plain why the liver is so slow in excreting the lithocholic acid. 
We would normally expect it to be excreted within a few days. How- 
ever, this is a valid observation that we hope ta expand on in the future. 

Not shown today, but included in the manuscript, are some studies 
concerning liver function tests, and it is true that the liver function 
tests seem to be more abnormal during pregnant periods than in non- 
pregnant periods in these animals, which suggests that there may be 
some increased susceptability to toxicity in the pregnant animal. 
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However, we could not distinguish any morphologic difference between 
the pregnant and nonpregnant animals. 

With respect to ursodeoxycholic acid, which is a bile acid found in 
only trace amounts in humans, it would be nice to study that compound, 
because it has been reported to dissolve stones, this report emanating 
from Makino in Japan. However, urso is scarce and difficult to o3- 
tain. It is now available for limited clinical trials. 

The lesions in the neonate do revert to normal when they are 
minimal, but it takes a long time. It may take as long as a year 
for a minimal lesion to regress. How long it takes the moderate 
lesion to regress— we don't know that at this point, but we do have oae 
animal with a moderate lesion now eight months, and the lesion still 
hasn't regressed. So it is a long-lasting injury, once it occurs. 


Parotid Neoplasms: 


A Report of 250 Cases and Review of the Literature 
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A 25-year experience with parotid tumors was reviewed. From a 
total of 250 neoplasms, 173 were histologically benign and 77 were 
malignant. Benign mixed tumors accounted for 59% of all lesions. 
Clinical parameters used to diagnose parotid neoplasms were 
found to be unreliable in determining whether a given tumor was 
benign or malignant. The mean age for malignant lesions was 10 
years greater than for benign lesions. The phenomenon of 
malignant transformation of a benign tumor was considered in 
four patients. Complete surgical excision is the safest and pre- 
ferred method for diagnosis. Preoperative needle or incisional 
biopsy are associated with a high degree of local recurrence. 
The appropriate management of any parotid tumor is predicated 
on special histological type. Local excision or enucleation no 
longer have a place in the surgical management of benign parotid 
tumors. Postoperative tumor recurrence and morbidity are 
directly related to awareness of surgical anatomy and pursuit of 
correct surgical techniques for adequate resection. The five- 
year recurrence rate for 102 benign mixed tumors was 6%. 
Recurrence in malignant tumors varied with specific histological 
types but was generally high. Five-year survival for all malignant 
parotid tumors was 48%. 
e 


HIS REPORT is based on a retrospective chart review of 
250 patients with histologically confirmed parotid 
neoplasms. All patients were treated in Louisiana State 
University Affiliated Hospitalist during a 25-year period, 
1948 through 1973. Information was gathered from patient 
hospital records or the Tumor Registry of Charity 
Hospital, New Orleans, Louisiana. The Registry at- 
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tempts to follow all patients yearly and, through co- 
operating statewide agencies, obtains necessary data on 
patients who do not return for followup. 

The records of 250 patients with microscopically 
proven parotid tumors were reviewed. Information was 
transferred to data processing equipment for evaluation 
and correlation of the various clinical parameters in this 
study. 


Clinical Data 


There was a fairly even distribution of sex and race (Fig. 
1). However, the ratio of Caucasian to Negro admissions 
during this period was approximately 1:2, and the male to 
female hospital population 1:2. There was a slight pre- 
ponderance of Negro females with benign lesions and 
Caucasian males with malignant lesions. 

At the time of diagnosis the age range was from 914 
months to 96 years (Fig. 2). The peak incidence of all 
lesions was in the fifth, sixth, and seventh decades. 
The mean age for a benign tumor was 48 years and for a 
malignant tumor 57 years. 

The typical patient with a parotid tumor presented with 
an asymptomatic mass of long duration. However, signs 
and symptoms were not constant and could not be used 
as reliable indices for differentiation between benign and | 
malignant tumors (Table 1). Of patients with benign dis- 
ease, 38% manifested recent enlargement and over 6% 
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complained of pain. Malignant tumors were painful in 
33% of cases. 

Facial nerve palsy, a poor prognostic sign, was 
present in 1996 of the patients with malignant lesions. 
Eleven of 15 patients with malignant tumors and associ- 
ated facial nerve involvement died within one year of 
diagnosis. 

On initial physical examination 26 patients with 
malignant tumors had palpable cervical lymph nodes. 
Eighteen of these patients died from metastatic disease. 

Forty-one per cent of benign and 6196 of malignant 
lesions were diagnosed within one year from the onset of 
symptoms (Table 2). The median delay in diagnosis was 
two years for benign and 6 months for malignant tumors. 

Twenty-four benign mixed tumors were present for 
over 10 years at the time of diagnosis, the longest 
delay being 20 years. Four patients with malignant tumors 
failed to seek medical attention for greater than 10 years: 
they sought help after sudden enlargement of their pre- 
existing masses, 

The median size of all tumors was 3 cm and 75% of 
patients had tumors measuring one to 4 cm. Median size 
was similar for benign and malignant lesions, and there 
was no relationship between size and malignancy. The 
largest lesion, a 15 cm malignant mixed tumor, occurred 
in a 77-year-old woman who underwent excision of a 
benign mixed tumor 50 years prior to the diagnosis of 
her malignancy. 

There was no predilection of right or left-sided lesions 
for benign or malignant parotid tumors. There were 6 
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Fic. 1. Sex and race of patients with benign and malignant parotid 
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Fic. 2. Age of 250 patients with parotid neoplasms. 


bilaterally occurring tumors, two of which were bilateral 
Warthin’s tumors, two bilateral benign mixed tumors, and 
one patient had a benign mixed tumor on one side and a 
benign lymphoepithelial lesion on the other. Finally, an 
unusual case of bilateral acinic cell carcinoma occurred 
in a 32-year-old woman who was dead from tumor within 8 
months of diagnosis. 


Diagnosis 


Diagnosis was made most frequently by histologic 
evaluation of frozen or permanent specimen obtained 
during an operative procedure. Needle or incisional 
biopsy were used infrequently, and both were associated 
with a high degree of recurrence. Of 146 benign mixed 
tumors, a total of 15 recurred for an overall recurrence 
of 10%. Twenty benign mixed tumosgs were biopsied; 
4, or 20%, recurred. 


Treatment 


The therapeutic approach was almost exclusively oper- 
ative (Table 3). Major deviations from this policy were in 
patients who refused operation, had extensive metastatic 
disease, or had co-existing medic&l illnesses precroding 
any surgical therapy. 

Ninety-two per cent of the patients PE a surgical 
procedure. Subtotal (or superficial) parotidectomy was 
the most common procedure performed for benign 
tumors localized to the superficial lobe. Total parotid- 
ectomy with facial nerve preservation was used for 
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TABLE 1.,Signs and Symptoms: 250 Cases 


Sign or symptom Benign Malignant 
Fixed mass 34 (20%) 40 (52%) 
Mobile mass 100 (58%) 15 (19%) 
Soft mass 6 (3%) 1 (1%) 
Hard mass 131 (76%) 56 (73%) 
Tenderness 19 (11%) 11 (14%) 
Pain 11 (6%) 23 (30%) 
Recent enlargement 65 (38%) 35 (45%) 
Seventh nerve involvement 1 (0.6%) 15 (19%) 


benign tumors involving the deep lobe. Malignant lesions 
were treated with total parotidectomy, and part or all of 
the facial nerve was sacrificed if involved in tumor. In 
addition, radical neck dissection and, occasionally, hemi- 
mandibulectomy were employed for highly invasive 
carcinomas, malignant tumors with positive cervical 
lymph node involvement, and most invasive squamous 
cell carcinomas. 

Twelve benign tumors were treated by local excision. 
A Warthin's tumor treated in this fashion recurred in one 
year, and a mixed tumor treated similarly recurred in 5 
years. The occasional local excision performed in the out- 
patient clinic was usually a result of a pre-excision, mis- 
taken diagnosis, such as sebaceous cyst, epidermoid cyst, 
or cervical lymphadenopathy. 


Complications 


Facial nerve injury, either transient or permanent, was 
the most common surgical complication (Table 4). This 
occurred in 17 patients with benign tumors, 13 of whom 
had full return of function from three to 12 months after 
operation. The facial nerve was intentionally sacrificed 
with radical parotidectomy in 11 patients with malignant 
tumors. Post-gustatory sweating in the preauricular area, 
or Frey syndrome,?5 was observed in three patients. All 
salivary fistulas closed spontaneously within several 
weeks of onset. 


e Histopathology 


From a total of 250 parotid neoplasms, 173 were his- 
tologically benign and 77 wére malignant. Benign mixed 
tumors accounted for 59% of all tumors. Malignant 


TABLE 2. Delay in Diagnosis: 250 Cases 








Delay period : Benign Malignant 
6 mon 33 (19%) 32 (4290) 
] year 38 (2296) 15 (1992) 
2 years 27 (16%) 7 (9%) 
3 years 6 (396) 1 (1%) 
3—10 years 34 (20%) 7 (99$) 
Over 10 years 24 (14%) 4 (590) 
Unknown 11 (6%) 11 (14%) 
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TABLE 3. Treatment 


Treatment Benign Malignant 
Subtotal parotidectomy 135 (78%) 18 (23%) 
Total parotidectomy 19 (11%) 38 (49%) 
Local excision 12 (7%) 9* (12%) 
No operation 7 (4%) 12 (16%) 


+ Radon seed implant— 2 patients. 


tumors were evenly distributed among malignant mixed, 
high and low grade mucoepidermoid, and squamous cell 
carcinomas. Table 5 compares the frequency of various 
histological types of parotid tumors in this study and in 
other series. 


Tumor Recurrence 


One hundred and forty-six patients had benign mixed 
tumors. Of the one hundred and two patients followed for 


a minimum of 5 years, 6 had recurrent tumors for an over- 


all 5 year recurrence rate of 6%. The remaining 44 
patients with benign mixed tumors were lost to followup, 
died, or had their procedure within the last 5 years. 

An additional 6 cases of benign mixed tumors recurred 
after 5 years and 3 recurred after 10 years. Four patients 
had a second recurrence. 

Of 77 patients with malignant tumors, 12 had no surgical 
procedure, 5 died from other causes, 6 were found to have 
unresectable lesions, and 2 were lost to followup. Of the 
remaining 52 patients followed a minimum of 5 years, 26 
developed a tumor recurrence, for a recurrence rate of 
5096 (Table 6). 


Survival 


No patient died as a result of a benign tumor. Of ~ 


the 77 patients with malignant tumors, 5 died from un- 
related causes, two were lost to followup, and one patient 
was not followed a minimum of 5 years. The overall 5- 
year survival was 48%. However, individual survival by 
tumor type was quite variable (Table 7). 


TABLE 4. Complications 





Benign Malignant 
Complication Number Percent Number Per cent 
Hematoma 4 2 4 6 
Wound infection 7 4 5 7 
Facial nerve injury* 17 10 15 23 
Fistula 4 2 l 1 
Seroma I 1 I l 
Frey syndrome 3 2 0 0 





* Transient and permanent. 
There were two postoperative deaths: one from cardiac arrest 
secondary to hypoxia and-one from myocardial infarction. 
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TABLE 5. Histologic Type 


Mayo- Memorial- 
LSU-1973 196997 195913 
(250 (1360 (1549 
patients) patients) patients) 
Histologic type per cent per cent per cent 
Benign 69.0 83.2 65.8 
Malignant 31.0 16.8 34.2 
All benign 
Mixed 84.4 72.8 89.0 
Warthin's 8.7 25.9 9.2 
Others* 6.9 1.3 1.8 
100 100 100 
All malignant 
. Low grade mucoepidermoid 18.6 24.4 23.8 
Adenoid cystic 8.3 12.3 6.4 
Acinic cell 3:3 14.9 6.2 
Malignant mixed 18.5 6.6 20.9 
Adenocarcinoma 6.4 23.7 17.2 
Squamous cell 16.7 9.8 7.2 
Undifferentiated 13.5 4.8 — 
High grade mucoepidermoid 12.7 2.6 12.5 
Otherst 2.0 0.9 5.8 
100 100 100 


* Include oncocytoma and benign lymphoepithelial tumors. 
t Unclassified malignant tumors, malignant melanoma, metastatic 
tumors, 


Discussion 


A clear understanding of the clinical presentation and 
natural history of parotid tumors is essential for their 
proper management. A mass in the preauricular or infra- 
auricular area should be regarded as a neoplasm until 
proven otherwise. A benign parotid tumor typically 
presents as a painless, mobile mass of long duration in 
contrast to the fixed, hard painless malignant tumor. 
Facial nerve palsy and clinically positive cervical lymph 
nodes are poor prognostic signs.':15 

No single feature or group of features leads to a clinical 


diagnosis of a specific tumor type.?^?* Specific tumor 


types, such as cylindromas and highly invasive car- 
cinomas, more commonly exhibit pain and facial nerve 
involvement, but there are reports of these features in 
benign tumors.?7?:?5 

Parotid tumors occur at any age.?9 The peak incidence 
is in the fifth, sixth, and seventh decades. The mean age 
for malignant lesions is 10 years greater than for benign 
lesions. 

Several large series have reported a female preponder- 
ance of parotid neoplasms and an increased frequency of 
malignant tumors in males.? However, these data should 
be correlated with specific histological tumor types. 
For example, adenoid cystic carcinomas (cylindroma) 


occur predominately in men,® and Warthin's tumors are 


rare in Negroes.? 
The average size of a parotid neoplasm, benign or 
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TABLE 6. Malignant Tumors: Recurrence —Five Years 
Number Number 
of of re- Per cent 

Type patients currences recurrences 
High grade mucoepidermoid 8 7 88 
Squamous cell carcinoma 6 5 33 
Undifferentiated 5 4 30 
Acinic cell carcinoma 3 2 57 
Malignant mixed 10 5 50 
Cylindroma 6 1 17 
Low grade mucoepidermoid 12 2 16 
Adenocarcinoma 2 0 0 
Total 52 26 50 


malignant, is 2 to 4 cm. There is no established rela- 
tionship between size and malignancy.® 

Right and left-sided parotid tumors occur with equal 
frequency. Bilateral tumors are rare and occur most 
commonly with Warthin's tumors.? 

The diagnosis of parotid tumors may be made clinically 
but must be corroborated histologically. Inflammatory 
lesions are usually distinguished from neoplams by history, 
physical examination, and occasionally by sialography.!? 
Sialograms may distinguish intrinsic from extrinsic 
masses and whether a mass is located in the deep or 
superficial lobe. However, sialography is probably of 
limited diagnostic value.!?:19 

Preliminary needle or incisional biopsy is hazardous 
due to the possibility of tumor spillage, and the diagnastic 
yield may be low due to an inadequate tissue specimen 
for histologic examination.!*5 The safest and most ac- 
ceptable means of diagnosis is complete surgical excision 
with permanent histologic section. The reliability of 
frozen section diagnosis is dependent on the pathologist’s 
individual skill and familiarity with these tumors. 
Preoperative biopsy of any potentially curable parotid 
neoplasm, benign or malignant, is contraindicated. 12253134 

The basic approach to a mass in the parotid region 
is operative.9?226 Although most parotid tumors are be- 
nign (65-80%) and characteristically slow growing, one 
should not be lulled into a false sensé of security. The 


TABLE 7. Malignant Tumors: Five Year Survival 


Number of Death due 

Type patients to tumor 
Squamous cell carcinoma 12 10 
High grade mucoepidermoid 10 9 
Undifferentiated carcinoma 8 6 
Malignant mixed 14 4 
Low grade mucoepidermoid 12 3 
Adenocarcinoma 4 2 
Acinic cell carcinoma 3 Z 
Cylindroma 6 0 
Total 69 36 


Overall survival: 48% 
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older concept of watchful waiting is unwarranted.!* Many 
malignant tumors have been diagnosed mistakenly as be- 
nign on clinical grounds. There is sound clinical evi- 
dence to suggest that benign mixed tumors have the 
potential for malignant transformation.*!* Four patients in 
this series with malignant tumors (two undifferentiated 
carcinomas, one adenocarcinoma, and one high grade 
mucoepidermoid carcinoma) gave a history of a slow 
growing mass for greater than 10 years with a sudden 
onset of enlargement. 

Prior to 15 years ago local excision or enucleation was 
acceptable surgical treatment for benign parotid tumors. 
Recurrence rates were exceedingly high. Kirklin reported 
a 3296 recurrence in his review of the Mayo Clinic 
experience from 1907—1944.?* In 1960, Beahrs et al. re- 
ported a 10-year recurrence of 10% for benign tumors 
locally excised or enucleated and no recurrence in 47 pa- 
tients who underwent subtotal parotidectomy.9 Despite a 
recent report!* of low recurrence rate with local excision, 
most authors find this approach unacceptable. Of all be- 
nign parotid tumors, 80—90% are localized to the super- 
ficial lobe. Superficial, or subtotal parotidectomy, is the 
preferred treatment for these lesions. 

Approximately 12 to 25% of parotid tumors originate 
in the deep lobe.!?75 Hanna reported 35 patients with 
deep lobe tumors, 26 of which were benign and treated 
by total parotidectomy with facial nerve preservation in 
most cases.?? 

Recurrent benign mixed tumors commonly consist of 
multiple nodules throughout the gland parenchyma.?? The 
remaining gland is usually distorted by extensive fibrosis 
involving the facial nerve. Total parotidectomy, including 
sacrifice of the facial nerve, is usually required for 
complete extirpation.!2:25 

The surgical treatment for malignant parotid tumors 
varies with tumor type and degree of malignancy. Low 
grade malignant tumors, such as adenoid cystic and low 
grade mucoepidermoid, localized to the superficial lobe 
. and not involving the facial nerve are adequately treated 
with superficial lebectomy. The treatment for the uncom- 
-~ mon low grade malignancy localized in the deep lobe is 
controversial. Beahrs advocates total parotidectomy with 
preservation of the nerve when there is normal gland 
between tumor and nerve.? Peacock and others contend 
that total parotidectomy with nerve preservation amounts 
to a '*piecemeal'' or fragmentary dissection of the deep 
lobe which violates principles of en bloc cancer sur- 
gery.1229 They advocate radical parotidectomy. 

For patients with high grade malignant tumors, such 
as squamous cell carcinomas, undifferentiated carcinoma 
and high grade mucoepidermoid carcinoma, radical 
parotidectomy is the treatment of choice. Surgical 
extirpation of any tumor that totally or partially in- 
volves the facial nerve should include resection of all or 
the involved portion of nerve.?* 
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Acinic cell carcinoma has been regarded as a low grade 
malignancy. However, in this series two of the three 
patients were dead from tumor within 5 years of 
diagnosis. Included was an unusual bilateral acinic cell 
carcinoma in a 32-year-old woman who was dead from 
tumor 8 months after diagnosis. Grage, Lober and 
Arhelger reported a high rate of late recurrence and 
poor long-term survival.!? Beahrs describes this tumor as 
multicentric and recommends total parotidectomy.’ 

Histologically positive cervical lymph nodes are an 
absolute indication for radical neck dissection for the 
treatment of malignant parotid tumors. The place of 
prophylactic neck dissection for high grade malignancies 
is controversial. Perzik and Fisher report a 50% 
incidence of cervical node metastasis in clinically nega- 
tive cases.? However, Hollander found no difference in 
tumor recurrence rates between patients who underwent 
radical neck dissection with histologically positive nodes 
and those with negative nodes. 


T 


Radiation therapy should be used in conjunction with ^ 


operation and usually is palliative. Evans reported a 
considerable response to radiation of high grade 
mucoepidermoid and pure squamous cell carcinomas.!! 
Cylindromas may be highly radiosensitive, but the 
response is usually temporary. In these cases radio- 
therapy is most often reserved for patients with un- 
resectable recurrent disease.” 

Chemotherapy has not been effective in the treatment 
of malignant parotid tumors.?! Richards and Chambers 
have shown hydroxyurea to be beneficial in a limited 
number of cases as a sensitizer for radiotherapy.?? 

Prior to any surgical procedure involving the parotid 
gland.the patient should be forewarned of possible facial 
nerve injury or sacrifice. Fortunately, postoperative facial 
nerve palsy is most often transient.?! 

Long term followup is essential for evaluation of 
therapeutic results with parotid tumors. Most benign 
tumors and some malignant types (acinic cell and 
cylindroma) are characteristically slow growing and may 
recur late. Ten to 20 year followup is needed, but seldom 
feasible. 

Recurrence rates for benign parotid tumors should be 
minimal if the proper diagnostic approach and surgical 
techniques are employed.5 

The outlook for low grade malignant parotid tumors is 
good if they are treated early, when the 5-year survival 
may be 70— 100%. However, high grade malignancies con- 
tinue to have a poor prognosis with a 0-50% 5-year 
survival, despite an aggressive surgical approach and 
adjunctive measures. 
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DISCUSSION 


DR. ERLE Ewart Peacock, JR. (Tucson, Arizona): Án epidemio- 
logical survey such as this is important for many lesions, for 
several reasons. The superb one you have just heard is certainly 
important for at least two reasons: to look at the epidemiology 
of the disease, or the tumor, and see if it’s changing as the years go 
by; and I think the authors would agree that it apparently it not, 
that the things that they have turned up in their series are pretty 
typical for this tumor, as contrasted with past surveys of this same 
type. 

Another very important reason is that this paper does point out 
some of the important surgical principles that somehow seem to get lost 
in about the two decades that occur between studies of this type. I 
don’t know how, but such things as needle biopsy, radiation, lobe 
excision, and the concept of a benign tumor turning into a malignant one, 
seem to get into the literature through the years. This has happened 
in the last decade. And I would like to reemphasize the points they 
made. 

(Slide) Needle biopsy is right in front of you. The top is 
epithelium, and the bottom is tumor spread right through the needle 
_ track. I excised a number of these to prove this, and there’s no 
question— it’s one of the most easily seeded tumors in the human body; 
and if that wasn’t bad enough, you have only a 50% chance of 
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hitting the right sort of thing. They are mixed tumors, and you may only 
get a little fluid, or a little cartilage, while carcinoma lurks by. 

(Slide) The concept that there are two lobes, like the bread in a 
sandwich, with the meat being the facial nerve, has no relation to the 
problem the surgeon faces. To be told that the parotid giand is 
like a sandwich, with meat in between it, as is drawn here, has little 
relation to what the surgeon faces in the highly vascular, distorted 
bed of a parotid tumor. If that tumor is in the deep lobe, as I 
have shown here, the superficial lobe will be compressed and sur- 
rounded, with the nerve flatened on top of it, or if it's in the super- 
ficial lobe, it will do the opposite. 

The concept that one can do a lobectomy in a distorted field like 
this, in my jugment, is responsible for leading the surgeon into the 
nerve, or into the tumor. The concept. of simultaneous nerve- 
tumor dissection is one which I believe we cannot emphasize tco 
strongly, and should emphasize as part of an epidemiological survey 
such as the one we just heard. 

(Slide) Finally, this concept of ‘‘Does a benign tumor in this 
area ever become a malignant one?" is one which Dr. Ackerman and 
the later Dr. Beyers of this Association and I studied 20 years 
ago, and concluded that if it ever occurs at all, it is in less than 5% of 
tumors. 

If that is true, and I think the evidence strongly suggests that it is, 
both in the survey you just heard and in ours, then I think very _ 
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rarely one may do what I want to illustrate here. It’s very rarely, 
perhaps once in several hundred tumors, that you actually find a 
recurrent tumor or a primary tumor surrounding the nervé, such as 
you see here. 

(Slide) And you see that nerve passing down the center of that 
tumor, so that there is no way you can get a benign tumor out of 
there without splitting it. And here in the bottom part about six o’clock, 
you can see a little nubbin of tumor splitting that nerve, and in this 
case I thought it appropriate to go ahead, since it was a young girl, 
and split that nerve, and take that little nodule of tumor out of the 
mandibular branch, with what we know about the biology of this tumor, 
even though it may mean that recurrence is going to be a problem 
later. I think there is a rare instance where we can fall back on 
epidemiological data, and say: All right we're not going to paralyze the 
lower half of a youngster's face for a benign tumor, with no more 
evidence than we have now that it becomes malignant. 

Finally, in the malignant tumor, I think, immediate reconstruction 
is always a possibility. You know about nerve grafting. It's been 
written about a great deal. I thought you might like to see one patient 
who had a total parotectomy and nerve sacrifice, in whom I trans- 
planted the masseter muscle at the time, and did the little tarsorrhaphy 
that you see, so that he did not have a totally paralyzed face, 
even though there is some difference from the other side. 


Dr. OLIVER HOWARD BEAHRS (Rochester, Minnesota) It is obvious, 
from the statistics that they presented and those that one reads in the 
literature today, that early diagnosis and adequate treatment of 
parotid lesions will go a long way towards eliminating a significant 
incidence of recurrence. 

I had the opportunity to read this paper in advance, and it's well 
presented, and, I think, further documents the fact that one can not, 
based on clinical findings, establish a diagnosis for a parotid tumor. 
In view of the fact that 30% in their series of cases and in 20% of ours 
the tumors are malignant is a strong argument that all of these lesions 
should be totally removed surgically for diagnosis. 

They emphasized the fact that enucleation or local excision of the 
tumor no longer is acceptable as a biopsy procedure or a definitive 
treatment for these lesions, because of the high incidence of recur- 
rence of these lesions so treated. I would agree with this position. 

Originally, the recurrence rate following treatment was 10 to 40%. 
Since subtotal or total parotidectomy has been carried out as the primary 
treatment in 1200 cases of benign tumors the incidence of recur- 
rence has been less than 196. 

However, once inadequately treated, and secondary parotidectomy 
done, whether the nerve is sacrificed or not, the recurrence rate re- 
mains at about 1046. 

Im glad the subject of the anatomy of the gland has been 
brought up. I agree with Dr. Peacock and others that the gland is not a 
bilobe structure, but a single lobe structure. Therefore we should speak 
of our procedures as parotidectomy, subtotal or total, conservative or 
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radical, but no longer lobectomy. It's either a subtotal or partial 
parotidectomy or a total parotidectomy. 

As far as nerve is concerned, the nerve should be preserved in 
all instances where in the judgment of the surgeon it seems reasonable 
to do so. Rather than grafting muscle—and I'd like the comments of the 
authors regarding why not a nerve graft. It has proved to be'satis- 
factory in 7096 of our cases. Anderson has reported satisfactory func- 
tion in 90% of his cases. 

The question exists as to whether a partial or subtotal parotidectomy 
versus a total should be done to prevent fistula or drainage from 
the parotidectomy site. If one removes essentially all of the parotid tis- 
sue at the time of parotidectomy, preserving the nerve or sacrificing 
a portion of it if indicated, then healing is prompt. Fistula never oc- 
curs. I would like the comments of the authors regarding completing 
a subtotal parotidectomy, essentially as a total conservative 
parotidectomy, to eliminate drainage and fistula formation. 

Frey's syndrome, or gustatory sweating, is variously reported as 
far as its incidence. A Swedish report would indicate that it is 
present in 100% of cases, if one questions and tests the patients 
regarding this. In our experience, it is of clinical importance in 
2096 of cases. Would the authors comment further regarding the 
incidence of gustatory sweating since the incidence in their series of 
cases is relatively low. 

Lastly, in reporting their recurrence rates, they used 5-year statistics, 
and I'm sure that they would agree that for the benign tumors, the 
moderately malignant tumors, 5 years is an inadequate period of time 
and follow-up statistics have to be generated based on longer intervals. - 


Dr. TYLER KENT (Closing discussion): In answer to Dr. Beahrs' 
questions, those patients who had intentional sacrifice of their facial 
nerves usually underwent primary nerve grafting. All patients who 
developed salivary fistulas had spontaneous closure. These patients, 
however, may be treated with a low dose of radiation if the problem 
persists. 

In regard to the Frey syndrome, Dr. Beahrs is correct in saying 
that if patients are more carefully questioned, there is a high incidence 
of the syndrome. However, we have found that few patients actually 
complained of these symptoms and we recorded only those patients 
who had a persistent problem with the postgustatory sweating. We 


. would also agree that long-term followup is essential. 


Age, duration, signs and symptoms are not reliable indices for 
differentiation between benign and malignant tumors. We are reiter- 
ating what Dr. Beahrs just said. Benign tumors in this series comprised 
69% of all lesions. The management of parotid tumors is deter- 
mined by histologic type. Preoperative biopsy of any potentially cur- 
able parotid neoplasm is hazardous. Tumor recurrence and morbidity . 
are directly related to awareness of surgical anatomy and correct 
technique for resection. Long-term followup is essential for the evalua- 
tion of therapeutic results—meaning greater than 5-year followup; 10 
and even 20 years. 
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use in children, because documented clinical experience has 
been insufficient to establish safety and a suitable dosage 
regimen in the pediatric age group. 


Precautions: Confusion, anxiety, and tremors have been 
reported in a few patients receiving propoxyphene concomi- 
tantly with orphenadrine. The central-nervous-system 
depressant effect of propoxyphene may be additive with that 
of other C.N.S. depressants, including alcohol. 


Adverse Reactions: The most frequent adverse reactions 
are dizziness, sedation, nausea, and vomiting. These effects 
seem to be more prominent in ambulatory than in nonambula- 
tory patients, and some of these adverse reactions may be 
alleviated if the patient lies down. 

Other adverse reactions include constipation, abdominal 
pain, skin rashes, lightheadedness, headache, weakness, 
euphoria, dysphoria, and minor visual disturbances. 

The chronic ingestion of propoxyphene in doses exceeding 
800 mg. per day has caused toxic psychoses and convul- 
SIOnS. [0113754] 


Additional information available to the profession 


on request. 
Eli Lilly and Company, Inc. 
Indianapolis, Indiana 46206 
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PLEASE WRITE FOR 
COMPLETE INFORMATION 


Today's sharpest insights into clinical management. 


KELALIS, KING & BELMAN: Clinical Pediatric Urology 


This magnificent two-volume set provides a complete and up-to- 
date examination of the field of pediatric urology. Its well-organized, 
systematic approach gives you easy access to the latest clinical 
guidelines on topics such as ultrasonic investigation of abdominal 
masses, acute and chronic renal failure, intersex, bacteriologic 
studies, and much more. 


Edited by Panayotis P. Kelalis, MD, FACS, Prof. of Urology and Head of 
Pediatric Urology, Mayo Clinic and Mayo Foundation: Lowell R. King, MD, 
FACS, Surgeon-in-Chief, the Children's Memorial Hospital; Prof. of Urology 
and Surgery, Northwestern Univ. Medical School; and associate editor A. 
Barry Belman, MD, FACS, Chairman of Urology, Children's Hospital National 
Medical Center; Assoc. Prof. of Urology and Child Health and Development, 
George Washington Univ. Medical Center; with 31 contributors. Two volumes 
totaling: About 1105 pp., 755 ill. About $60.00. Just Ready. 

Order #5350/1. 


NEALON: Management of the Patient with Cancer, 
2nd Edition 


Approximately 4096 of the material in this thorough revision is 
entirely new—explaining the latest advances in cancer management 
through chemotherapy, radiation therapy, immunotherapy and sur- 
gical means. Each site of the disease is handled separately, with 
much new data on head and neck, breast, heart, ovary, endomet- 
rium, cervix, vulva, vagina, nervous system and leukemia. 


Edited by Thomas F. Nealon, Jr., MD, Director, Dept. of Surgery, St. Vincent's 

Hospital and Medical Center, N.Y.; Prof. of Surgery, New York Univ. School of 

Medicine; with 71 contributors. 1012 pp. 531 ill. About $52.50. Just Ready. 
Order #6702-3. 


SMITH & SKINNER: Complications of Urologic 
Surgery: Prevention and Management 


Smith & Skinner's book offers today's best advice for the prevention 
and management of problems which arise during and following 
urologic surgery. The well illustrated, clinical guidance focuses on 
complications of: renovascular surgery, ureterosigmoidoscopy, 
perineal prostatectomy, male and female anti-incontinence 
surgery, adjuvant cancer therapy, and 18 other problem areas. 


Edited by Robert B. Smith, MD, FACS, Chief of Urology, Wadsworth Veterans 
Administration Hospital, Los Angeles; Co-Chief, Renal Transplant Services; 
and Donald G. Skinner, MD, FACS; both Assoc. Profs. of Surgery/Urology, 
Univ. of California School of Medicine, Los Angeles; with 27 contributors. 520 
pp. 244 ill. About $32.50. Just Ready. Order #8418-1. 


MORLEY: Current Controversies in Neurosurgery 


Thirty-one crucial topics are examined by today's most outspoken 
neurosurgeons. Dr.eMorley introduces each controversy, and most 
topics are viewed from at least two perspectives. The fascinating 
clinical discussions cover: pantopaque myelography, whiplash, 
hypophysectomy for breast cancer, surgical treatment for epilepsy, 
psychosurgery, lawsuits, and 25 other topics. 


Edited by Thomas P. Morley, MD, FRCS(C), FRCS(Eng), Chairman, Div. of 
Neurological Surgery, Faculty of Medicine, Univ. of Toronto: with 94 con- 
tributors. 853 pp. 117 ill. About $32.50. Just Ready. Order #6557-8. 


CONLEY: Regional Flaps of the Head and Neck 


This exquisite new atlas by John Conley illustrates the reconstructive 
and cosmetic uses of regional flap procedures following ablative 
surgery for cancer or for repair of congenital anomalies or trauma. Its 
759 outstanding illustrations reveal the separate techniques used in 
the scalp, ear, face, nose, oral cavity, neck, and tracheostoma. Dr. 
Conley describes principles of wound healing, and indications for 
and techniques of surgery. 


By John Conley, MD, Clinical Prof. of Otolaryngology, Columbia Univ. College 
of Physicians and Surgeons; with contributions by Vahram Y. Bakamjian, MD; 
Alvin J. Novak, MD; and Prof. Dr. Eduard Schmidt. About 270 pp. 759 ill. 
About $70.00. Just Ready. Order 2647-5. 


ACS: Early Care of the Injured Patient, 2nd Edition 


Thoroughly up-dated and revised by the ACS's Committee on 
Trauma, this 2nd edition features: instructions for a more thorough 
initial examination; important airway procedures; improved shock 
evaluating and monitoring procedures; data on renal failure in 
shock; revised principles of wound care; new rabies, insect and 
snake bite therapies; updated advice on malpractice; and much 
more. 


By The Committee on Trauma of the American College of Surgeons; John A. 
Boswick, Jr., MD, Chairman of Editorial Committee. About 20 contributors. 
About 465 pp., 190 ill. About $12.00. Just Ready. Order #1161-3. 


VARCO & DELANEY: Controversy in Surgery 


Exploring controversial areas of surgery, 90 leading surgeons advo- 
cate their positions, state supporting evidence, discuss flaws in 
opposing points of view, provide references for their arguments, and 
answer questions posed by the editors. Two or more papers give 
alternative views on most of the 29 topics, including Chole- 
dochoduodenostomy vs. Sphincteroplasty and Staging for 
Hodgkin's Disease and Malignant Lymphomas. 


Edited by Richard L. Varco, MD, Prof. of Surgery; and John P. Delaney, MD, 
Assoc. Prof. of Surgery; both of the Univ. of Minnesota Medical School: with 90 
contributors. 713 pp. Illustd. $29.00. Aug. 1976. Order #9016-5. 


SCHEIE & ALBERT: Adler's Textbook of 
Ophthalmology, 9th Edition 


Completely reorganized, the new edition of this classic text is now 
divided into three parts: Introduction to Opthalmology, Ophthalmic 
Evaluation, and Clinical Ophthalmology. New chapters discuss 
ophthalmic ultrasonography, neuroradiology, and fundus fluores- 
cein angiography. The excellent illustrations and clinical thrust of 
previous editions have been retained in this revision. 


By Harold G. Scheie, MD, Prof. and Chairman of Ophthalmology, Univ. of 
Pennsylvania School of Medicine; Chief of the Ophthalmology Service, 
Philadelphia General Hospital; and Daniel M. Albert, MD, Prof. of Ophthal- 
mology; Chief, Section of Tumor Research and Pathology, Dept. of Ophthal- 
mology and Visual Science, Yale Univ. School of Medicine: with eight 
contributors. About 735 pp., 465 ill., 39 color plates. About $25.00. Ready Nov. 
1976. Order #7951-X. 
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mooth Way to Rough It. 


Our natural-fiber, bulk-producing laxative is 
the easy way to give your patients the roughage 
they need. Metamucil comes in two forms, the 
regular Powder and Instant Mix. A teaspoonful of 
the regular Powder is mixed with water or a 
favorite juice; the unit-dose Instant Mix effervesces 
into a citrus-flavored drink. 

Since it is made from arain, Metamucil moves 
through the digestive tract at about the same 
normal rate as food. It helps encourage the 
restoration of good transit time and the gentle 
passage of stool. 

Metamucil is indicated in constipation, 
whether simple or associated with such conditions 
as diverticular disease, irritable bowel syndrome 
or hemorrhoids. 


Metamucil 


Y. psyllium hydrophilic mucilloid 
Bon GIG D seare à Co 


Box 5110, Chicago, Illinois 60680 





Glove talc is 
no lon Qer No talc was applied to your gloves today. 


—Talc and lycopodium are no longer 


a problem aaa USed as glove lubricants in hospitals 


because their potential for causing 
intra-abdominal adhesions is well recognized.” 


CN. 
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still can be. Gauze residues have been 


implicated in foreign body reactions— It has been shown 
clinically that gauze fragments introduced at operation can 
induce granulomas and deposition of fibrous tissue’ Gauze 
pads have been implicated in adhesion formation? while 

cotton fiber embolization has been documented pathologically 
as well as produced experimentally.’ 
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Nebcin: 


tobramycin sulfate 


[n treating serious gram-negative infections... 





ectiveness | 
and safety are of 
equal importance 


When prescribing antibiotics for patients with serious infections, every physician weighs 
effectiveness against safety...and tries not to sacrifice one for the other. 





À 
* 
General effectiveness 
The general effectiveness of Nebcin is now well known. Clinical studies have shown Nebcin to be 
indicated in the treatment of septicemia; C.N.S. infections, including meningitis; neonatal sepsis; 
serious lower respiratory infections; gastrointestinal infections, including peritonitis; skin, bone, 
and soft-tissue infections, including burns; and serious complicated and recurrent urinary tract 
infections caused by susceptible strains of the organisms listed below. 
Nebcin is usually active against most strains of the following TNISNIMISG 
organisms: cm la asset n 
$ and cther aminoglycoside antibiotics have an 
Pseudomonas aeruginosa inherent potential for causing ototoxicity and 
R es ° i ‘ à nephrotoxicity 
Proteus sp. (indole-positive and indole-negative), including Both vestibular and auditory ototoxicity can 
à ife pú , occur. Eighth-nerve impairment may develop if 
Proteus mirabilis, Pr. morTganitl, and Pr. vulgaris patients have preexisting renal damage and if 
; à ; Nebc:n is administered for longer periods or in 
Escherichia coli higher doses than those recommended _ 
f j Tobramycin is potentially nephrotoxic. Renal 
Klebsiella-Enterobacter-Serratia group and eighth-nerve function should be closely 
, monitored in patients with known or suspected 
Ci trobacter Sp. renal mpairment and also in those whose renal 
` : function is initially normal but who develop signs 
Providencia Sp. of renal dysfunction during therapy Such 
$5 ‘ impairment may be characterized by cylindruria. 
Staphylococci, including Staphylococcus aureus (coagulase- oliguria, proteinuria, or evidence of nitrogen 
SA: e : retention (increasing BUN. NPN. or creatinine) 
positive and coagulase-negative) Evidence of impairment in renal. vestibular, or 
auditory function requires discontinuation of the 
drug or dosage adjustment 
S f Nebcin should be used with caution in 
a ety amenuna neonatal infants because of their 
y and the resulting prolongation of 
N bci h b di d : 3 506 : CI | : f serum hal*-life of the drug 
e in Nas been studied in , patients. ose ana ySIS O In the case of overdosage or toxic reactions, 
adverse reactions reported suggests that Nebcin provides a iehealisde ec petal eden cd a 
desirable balance of effectiveness and safety. si artes able, n onel Gr gett aoncantnallong. 
` 1 i lallw: r above 12 mcg /ml should be avoided. Urine 
In the 3,506 case reports submitted to Eli Lilly and Company, aboye A e QAAE Dar adesso at 
drug-related side-effects (including abnormal laboratory values) i oce ye ERR EIER 
-— : afi neurotoxic and/or nephrotoxic antibiotics, 
were reported in 136 (3.9 percent) of the patients. Those of doubtful T EA d ut 
relationship to Nebcin were noted in 233 (6.6 percent). Adverse gentamicin. cephaloridine. paromomycin 
. di z : f ikë sid pe haa iiia B. colistin. and vancomycin, 4 
. 1a ` 7 /c r ` y i C 
reactions were severe enough to warrant discontinuation o E E Matistiu nui pU 
1 À 7 CASES potent diuretics Some diuretics themselves cause 
drug in seventy cases. aci ae intravenously administered 


diuretics enhance aminoglycoside toxicity by 


altering antibiotic concentrations in serum and 
tissue 


Usage in Pregnancy - Safety of this product for 
Bendush, C.L., and Weber, R.: Clinical Results with Tobramycin Sulfate: A Summary of use during pregnancy has not been established 








. x LI * ° 
Renal system: Io maximize efficacy 
incid fad ffect and minimize risk 

° Adverse Reactions in the Renal System 1. Follow recommended dosage schedules 
Ad EH Renal function changes, as shown for all patients; adjust dosage and/or 
verse Effect " È : a ; is 
Y yii iie aoad bo hace N by rising BUN. NPN, and serum dosage intervals in patients with 
Value creatinine and by oliguria, have impaired renal function. 
Related Doubtful à 
been reported with Nebcin, > Moni ee PIPERA | ee 
Serum creatinine 36 29 especially in patients on high dosage mee ih OSE ares pros 
BUN | A 2 and/or prolonged therapy and is en y ei ut in i x k . iguria 
cella clearance C i particularly in those with known or or evi ence O nitrogen re en BUN ; 
Blood urea 12 14 suspected renal impairment. The Joti lops di ipe ath dem 
Albuminuria : accompanying table summarizes the evelops during therapy: 
Uric acid ; i ^q ; : , : 
WBC | 5 renal effects found in the study 3. Examine urine for an increase in 
RBC d 5 group of 3,506 patients. protein, cells, and casts. 
88 141 . mE s 
(in 53 patients)* (in 105 patients)* 4. Monitor renal function in all high-risk 


patients — the elderly, debilitated, and 
those with impaired renal function 
caused by trauma, surgery, infection, or 


* Two patients are included in both categories; therefore, a total 
of 156 had 229 abnormal (related plus doubtful) adverse effects. 


chemotherapy. 
N 5. Monitor serum concentrations when 
* a : 
ervous system M feasible. and avoid prolonged levels 
° ‘ d f d H ! above 12 mcg./ml. Determine serum 
incidence ot adverse e ects concentrations if the dosage is increased 
Adverse Reactions in the Nervous System above those usually recommended. 
Se eee Ad 
verse effects on both the | 
A Number of Effects carte vier ber qum 6. Assess auditory and vestibular function 
Condition as Classified by Investigator PRONUSDORHURMNHNUNTAM STE during prolonged treatment in patients 
the eighth nerve can occur. a g € 
Related Doubtt with known or suspected renal 
v Impairment of eighth-nerve Mati aps a E 
estibular nieri E l impairment and in those with initially 
ee 9 9 unction is most likely in patients | 
| Eu normal renal function who develop 
Vestibular disturbances 5 with renal damage, especially in tier. conl chasse dti 
Nystagmus - 0 those on high dosage and/or gns à B 
Vertigo 2 0 ‘maith i therapy. 
NaaciliGo prolonged therapy. Effects on 
Hearing decrease 5 1 vestibular and/or auditory function 7. Avoid the concomitant or sequential 
doc wr : : in the group of 3,506 patients are use of drugs that are potentially ototoxic 
Headache f 1 5 shown in the accompanying table. or nephrotoxic. 
Taste O 2 
Apnea C 1 
Asthenia O 1 
Neuropathy (not specified) 0 1 
Je 23 


(in 23 patients) (in 21 patients) 


In patients with normal renal function who do 
not receive Nebcin in higher doses or for longer 
periods of time than those recommended, the 
risk of toxic reactions is low. However, patients 
treated with Nebcin should be under close 
clinical observation, because tobramycin and 
other aminoglycoside antibiotics have an 
inherent potential for causing ototoxicity and 
nephrotoxicity. 
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for serious 
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tobramycin sulfate,“ 





Please see following page 
for summary o 
prescribing information. 
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Nebci IM ut | 


tobramycin sulfate 


Summary of Prescribing Information 















WARNINGS 
Patients treated with Nebcin should be under close clinical observation, 
because tobramycin and other aminoglycoside antibiotics have an inher- 
ent potential for causing ototoxicity and nephrotoxicity. 

Both vestibular and auditory ototoxicity can occur. Eighth-nerve impair- 
ment may develop if patients have preexisting renal damage and if Nebcin 
is administered for longer periods or in higher doses than those 
recommended. 

Tobramycin is potentially nephrotoxic. Renal and eighth-nerve function 
should be closely monitored in patients with known or suspected renal 
impairment and also in those whose renal function is initially normal but 
who develop signs of renal dysfunction during therapy. Such impairment 
may be characterized by cylindruria, oliguria, proteinuria, or evidence of 
nitrogen retention (increasing BUN, NPN, or creatinine). Evidence of 
impairment in renal, vestibular, or auditory function requires discontinua- 
tion of the drug or dosage adjustment. 

Nebcin should be used with caution in premature and neonatal infants 
because of their renal immaturity and the resulting prolongation of serum 
half-life of the drug. 

In the case of overdosage or toxic reactions, peritoneal dialysis or hemo- 
dialysis will help remove tobramycin from the blood. 

Serum concentrations should be monitored when feasible, and 
prolonged concentrations above 12 mcg. / ml. should be avoided. Urine 
should be examined for increased excretion of protein, cells, and casts. 

Concurrent and sequential use of other neurotoxic and/or nephrotoxic 
antibiotics, particularly streptomycin, neomycin, ka namycin, gentamicin, 
cephaloridine, paromomycin, viomycin, polymyxin B, colistin, and vanco- 
mycin, should be avoided. 

Nebcin should not be given concurrently with potent diuretics. Some 
diuretics themselves cause ototoxicity, and intravenously administered 
diuretics enhance aminoglycoside toxicity by altering antibiotic concentra- 
tions in serum and tissue. 

Usage in Pregnancy—Safety of this product for use during pregnancy 
has not been established. 































Description: Tobramycin sulfate, a water-soluble antibiotic of the aminoglycoside 
group, is derived from the actinomycete Streptomyces tenebrarius. Nebcin Injec- 
tionisa clear and colorless sterile aqueous solution for parenteral administra- 
tion. Itis stable and requires no refrigeration. 

Indications and Usage: Nebcin is indicated for the treatment of serious infections 
caused by susceptible strains of the following microorganisms: Pseudomonas 
aeruginosa, Escherichia coli, Proteus sp. (indole-positive and indole-negative), 
Providencia, Klebsiella-Enterobacter-Serratia group, Citrobacter sp., and staphy- 
lococci, including Staphylococcus aureus (coagulase-positive and 
coagulase-negative). 

Nebcin is indicated in the treatment of septicemia; central-nervous-system 
infections, including meningitis; neonatal sepsis; serious lower respiratory infec- 
tions; gastrointestinal infections, including peritonitis; and serious skin, bone, 
and soft-tissue infections, including burns, caused by the susceptible organisms 
listed above. Clinical studies have shown Nebcin also to be effective in serious 
complicated and recurrent urinary tract infections due to these organisms. 
Aminoglycosides, including Nebcin, are not indicated in uncomplicated initial 
episodes of urinary tract infections unless the causative organisms are not 
susceptible to antibiotics having less potential toxicity. Nebcin may be considered 
in serious staphylococcal infections when penicillin or other potentially less toxic 
drugs are contraindicated and when bacterial susceptibility testing and clinical 
judgment indicate its use. 

Bacterial cultures should be obtained prior to and during treatment to isolate 
and identify etiologic organisms and to test their susceptibility to tobramycin. If 
susceptibility tests show that the causative organisms are resistant to tobramy- 
cin, other appropriate therapy should be instituted. In patients in whom gram- 
negative septicemia, neonatal sepsis, or meningitis is suspected, including those 
in whom concurrent therapy wifh a penicillin or cephalosporin and an aminogly- 
coside may be indicated, treatment with Nebcin may be initiated before the 
results of susceptibility studies are obtained. The decision to continue therapy 
with Nebcin should be based on the results of susceptibility studies, the 
severity of the infection, and the important additional concepts discussed in the 
WARNINGS box above. 

Contraindication: A history of hypersensitivity to tobramycin is a contraindication 
to its use. 

Warnings: See WARNINGS box above. 

Precautions: Specimens should be collected during therapy for examination, as 
recommended in the WARNINGS box. 

Neuromuscular blockade and respiratory paralysis have been reported incats 
receiving very high doses of tobramycin(40 mg./Kg.). The possibility that 
prolonged or secondary apnea may occur should be considered if tobramycin is 
administered to anesthetized patients who are also receiving neuromuscular 


blocking agents, such as succinylcholine or tubocurarine. 


Cross-allergenicity among aminoglycosides has been demonstrated. 

If overgrowth of nonsusceptible organi&ms occurs, appropriate therapy should 
be initiated. 

Adverse Reactions: Nephrotoxicity—Renal function changes, as shown by risireg 
BUN, NPN, and serum creatinine and by oliguria, cylindruria, and increased 
proteinuria, have been reported, especially in patients with a history of renal 
impairment who are treated for longer periods or with higher doses than those 
recommended. 

Neurotoxicity— Adverse effects on both the vestibular and auditory branches 
of the eighth nerve have been noted. especially in patients receiving high doses or 
prolonged therapy. Symptoms include dizziness, vertigo, tinnitus, roaring in the 
ears, and hearing loss. 

NOTE: The risk of toxic reactions is low in patients with normal renal function 
who do not receive Nebcin in higher doses or for longer periods of time than 
those recommended. 

Other reported adverse reactions possibly related to Nebcin include increased 
serum transaminase (SGOT, SGPT) and increased serum bilirubin: anemia, 
granulocytopenia, and thrombocytopenia: and fever, rash, itching, urticaria, 
nausea, vomiting, headache, and lethargy. 

Suggested Dosage Guides—l. M. / I.V.: 
Usual dosage for adults, children, and older infants (normal renal function) — 

3 mg./Kg. /day administered in three equal doses every eight hours. In life- 

threatening situations, the dosage may be increased up to 5 mg./Kg./day 

administered in three or four equa! doses. This dosage should be reduced to 

3 mg./Kg. /day as soon as Clinically indicated. (Refer to Table 1 for 

dosage schedule.) 

Dosage for neonates up to one week of age (normal renal function)— 

Up to 4 mg./Kg./day may be given in two equal doses every twelve hours. 

The usual duration of treatment is seven to ten days. 

Dosage guidelines for adult or pediatric patients with reduced renal function— 

After a loading dose of 1 mg. /Kg., subsequent dosage must be adjusted either 

with reduced doses at eight-hour intervals or with normal doses at prolonged 


intervals. To determine the reduced dose at eight-hour intervals, see the conven- 


ient nomogram in the package literature.* To calculate normal dosage at 

prolonged intervals (if the creatinine clearance rate is not available and the 

patient's condition is stable), the following formula may be used: 
1 mg./Kg.q.(6 x serumcreatinine) h. 

Neither regimen should be used when dialysis is being performed. 

I.V. Administration —The usual volume of diluent for adults is 50 to 100 ml. For 
children, the volume of diluent should be proportionately less than for adults. 
The diluted solution usually should be infused over a period of twenty to sixty 
minutes. 


*An alternate rough guide for determining reduced dosage at eight-hour intervals (for patients 
whose steady-state serum creatinine values are known) is to divide the normally recommended 
dose by the patient's serum creatinine. 


Table 1. Dosage Schedule Guide for Adults with Normal Renal Function 
(Dosage at Eight-Hour Intervals) 





Usual Dose for 
Serious Infections 





Maximum Dose for Life. 
Threatening Infections 
(Reduce as soon as possible) 
1.66 mg./Kg.q.8h. 


For Patient 






Weighing 
Lb. 1 mg./Kg.q. 8h. 









(Total, 3mg./Kg./day) (Total, 5mg./Kg./day) 
mg./dose ml./dose* mg. /dose ml. /dose* 
q. 8h. q. 8h. 
120 264 120 mg. > mi. 200 mg. 5 ml 
115 253 115 mg. 2.9 ml. 191 mg. 4.75 ml. 
110 242 110 mg. 2.75 ml. 183 mg. 4.5 ml. 
105 -231 105 mg. 2.6 ml. 175 mg. 4.4 ml. 
100 220 100 mg. 2.5 ml. 166 mg. 4.2 ml. 
95 209 95 mg. 2.4 ml. 158 mg. 4 ml 
90 198 90 mg. 2.25 ml. 150 mg. 3.75 ml 
B5 187 85 mg. 2.1 ml. 141 mg. 3.5 mi 
80 176 80 mg. 2 ml 133 mg. 3.3 ml 
75 165 75 mg. 1.9 ml. 125 mg. 3.1 ml 
70 154 70 mg. 1.75 ml. 116 mg. 2.9 ml 
65 143 65 mg. 1.6 ml. 108 mg. 2.7 ml 
60 132 60 mg. 1.5 ml. 100 mg. 2.5 ml 
55 121 55 mg. 1.4 ml. 91 mg. 2.25 ml 
50 110 50 mg. 1.25 ml. 83 mg. 2.1 ml 
45 99 45 mg. 1.1 ml. 75 mg. 1.9 ml 
40 88 40 mg. ] ml 66 mg. 1.6 ml 





tApplicable to all product forms except Nebcin, Pediatric, Injection (see How Supplied). 


How Supplied: Ampoules Nebcin® (tobramycin sulfate, Lilly) Injection, 80 mg. 


(equivalent to tobramycin) per 2 ml., 2 ml., rubber-stoppered. 
Ampoules Nebcin, Pediatric, Injection, 20 mg. (equivalent to tobramycin) per 2 


ml., 2 ml., rubber-stoppered. 


Hyporets® (disposable syringes, Lilly) Nebcin Injection, 60 mg. (equivalent to 


tobramycin) per 1.5 ml., 1.5 ml., and 80 mg. (equivalent to tobramycin) per 2 
ml., 2 ml., in packages of 24. 
Each ml. alsocontains 5 mg. phenol asa preservative, 3.2 mg. sodium bisul- 


fite, 0.1 mg. disodium edetate, and water for injection, q.s. Sulfuric acid and/or 


sodium hydroxide may have been addec to adjust the pH. 


Lilly 


600387 


Eli Lilly and Company 
Indianapolis, Indiana 46206 


Additional information available 
to the profession on request. 
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 GEOPEN ^. 


(DISODIUM CARBENICILLIN) 


Hm, 2-OM, 2-0m, and 10-0m vials 


for treatment of 
lons due to anaerobes’ 





infect 








and gram-negative aerobes 
with one antibiotic 


“susceptible strains of indicated organisms 


Indications: Primarily for treatment of infections due to susceptible strains of 
Pseudomonas aeruginosa, Proteus species (particularly indole-positive 
Strains), and certain Escherichia coli. Clinical effectiveness has been demon- 
strated in the following infections when due to these organisms: Severe 
systemic infections and septicemia; genitourinary tract infections including 
those due to We/sseria gonorrhoeae, Enterobacter, and Streptococcus 
faecalis (enterococcus); acute and chronic respiratory infections (though clini- 
cal improvement has been shown, bacteriologic cures cannot be expected in 
patients with chronic respiratory disease and cystic fibrosis); soft-tissue infec- 
tions. Also indicated in the following infections due to susceptible anaerobic 
bacteria: Septicemia; lower respiratory tract infections such as empyema, 
anaerobic pneumonitis and lung abscess; intra-abdominal infections such as 
peritonitis and intra-abdominal abscess (typically resulting from anaerobic 
organisms resident in the normal gastrointestinal tract); infections of the 
female pelvis and genital tract such as endometritis, pelvic inflammatory dis- 
ease, pelvic abscess and salpingitis; skin and soft-tissue infections. 
Although indicated primarily in gram-negative infections, activity against gram- 
positive organisms should be kept in mind when both gram-positive and gram- 
negative organisms are isolated (see Actions). 

In infections due to certain susceptible strains of Ps. aeruginosa, clinical 
efficacy may be enhanced by combined therapy with gentamicin sulfate in full 
therapeutic dosages (see gentamicin sulfate package insert). 

NOTE: During therapy sensitivity testing should be repeated frequently to detect 
the possible emergence of resistant organisms. 

Actions: Organisms found to be susceptible /n vitro include: GRAM-NEGATIVE 
ORGANISMS — Ps. aeruginosa, Proteus mirabilis, Pr. morgani, Pr. rettgeri, 
Pr. vulgaris, E. coli, Enterobacter spp, Salmonella spp, Hemophilus in- 
fluenzae, Neisseria spp, Bacteroides spp, and Fusobacterium Spp. 
GRAM-POSITIVE ORGANISMS — Staphylococcus aureus (non-penicillinase 
producing), Staph. albus, Diplococcus pneumoniae, beta-hemolytic strep- 
tococci, Str. faecalis, Clostridium spp, Peptococcus spp, and Peptostrep- 
tococcus spp. 

In vitro synergism between Geopen and gentamicin sulfate has 
been demonstrated for certain strains of Ps. aeruginosa. 

Some newly emerging pathogenic strains of Here//ea, Mima, 
ll and Serratia have also shown /n vitro suscep- 
tibility. 

Not stable in the presence of penicillinase. Most K/ebs/ella 
species are resistant. Some strains of Pseudomonas have 
developed resistance fairly rapidly. 

Contraindications: Known penicillin allergy. 

Warnings: Serious and occasional fatal hypersensitivity 
(anaphylactic) reactions have been reported in patients on 
penicillin therapy. These reactions are more apt to occur in in- 
dividuals with a history of sensitivity to multiple allergens. 
Observe patients with renal impairment for bleeding manifesta- 
tions and adhere strictly to dosage recommendations; if bleeding 
manifestations appear, discontinue antibiotic and institute ap- 
propriate therapy. 

Individuals with history of penicillin hypersensitivity reactions 
have experienced severe hypersensitivity reactions when treated 





with a cephalosporin. Before therapy with a penicillin, careful inquiry should be 
made concerning previous hypersensitivity reactions to penicillins, 
cephalosporins, and other allergens. If an allergic reaction occurs, appropriate 
therapy should be instituted and discontinuance of carbenicillin therapy con- 
sidered, unless the infection is life threatening and only amenable to 
carbenicillin therapy. The usual agents (antihistamines, pressor amines, and 
corticosteroids) should be readily available. 

SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EMER- 
GENCY TREATMENT WITH EPINEPHRINE. OXYGEN AND INTRAVENOUS 
CORTICOSTEROIDS SHOULD ALSO BE ADMINISTERED AS INDICATED. 
Usage in Pregnancy: Safety for use in pregnancy has not been established. 
Precautions: As with any other potent agent, it is advisable to check 
periodically for organ-system dysfunction, including renal, hepatic, and hema- 
topoletic systems, during prolonged therapy. Emergence of resistant Organisms, 
such as K/ebsiella spp and Serratia spp, which may cause superinfection, 
should be kept in mind. Each gram contains 4.7 mEq sodium; in patients where 
sodium restriction is necessary, such as cardiac patients, periodic electrolyte 
determinations and monitoring of cardiac status should be made. In a few pa- 
tients receiving high doses, hypokalemia has been reported; periodic serum 
potassium determinations should be made and corrective measures should be 
implemented when necessary. As with any penicillin preparation, an allergic 
response, including anaphylaxis, may occur, particularly in a hypersensitive in- 
dividual. Cases of gonorrhea with a suspected primary lesion of syphilis should 
have darkfield examinations before treatment. In all other cases where concomi- 
tant syphilis is suspected, monthly serological tests should be made for a 
minimum of 4 months. 

Intramuscular injections should be made well within the body of a relatively 
large muscle (not into the lower and mid-third of the upper ini. and aspiration 
IS necessary to help avoid inadvertent injection into a blood vessel. Intravenous 
infusion should be given as slowly as possible. Reconstituted solution should 
be discarded after 24 hours if stored at room temperature, after 72 hours if 
refrigerated. The maximum recommended dose is 40 gm per day; 
intramuscular injections should not exceed 2 gm per injection. 
Adverse Reactions: Hypersensitivity Reactions— Skin rashes. 
pruritus, urticaria, drug fever, and anaphylactic reactions. Gastro- 
intestinal Disturbances— Nausea. Hemic and | ymphatic 
Systems— Anemia, thrombocytopenia, leukopenia, neutropenia, 
and eosinophilia. Blood, Hepatic, and Renal Studies—SGOT 
and SGPT elevations have been obeerved, particularly in children. 
To date, no clinical manifestations of hepatic or renal disorders 
have been demonstrated. CNS — Convulsions or neuromuscular ir- 
ritability could occur with excessively high serum levels. Other— 
Pain at the site of injection, rarely accompanied by induration: in 
uremic patients receiving high doses (24 gm/day), hemorrhagic 
manifestations associated with abnormalities of coagulation 
tests, such as clotting and prothrombin time. Vein Irritation and 
Phlebitis—Particularly when undiluted solution is injected 
directly into the vein. 

How Supplied: Available in 1-gm, 2-gm, 5-gm, and 10-gm vials. 
mae prescribing or administering, see package circular 
or 
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Know all about 
Injectable Val ium? 


(diazepam) 





Spend a minute with this pre-review quiz 


Circle the appropriate letter to answer the questions below. Correct answers appear 
on the next page at the end of the Quick Review of Injectable Valium. 


1 « Injectable Valium (diazepam) has 
specific application for anxiety: 


as a premedicant to elective 
cardioversion and surgery 

as an adjunct prior to endoscopic 
procedures 

all of the above 


2 ə Administered I.V., prior to elective 
cardioversion or endoscopic procedures, 
Valium produces anterograde amnesia of 
short duration. 


True 
False 


3 e Injectable Valium should not be 
mixed or diluted with other solutions, 
fluids or drugs. 


True 
False 


4 e When Injectable Valium (diazepam) 
I.V. is used as an adjunct prior to endo- 


scopic procedures, narcotic dosages 

should be: 

maintained 

reduced by at least one-third and in 
some cases may be eliminated 

increased as needed and tolerated 
by the patient 


5 e Lower doses of Injectable Valium 
(usually 2 mg to 5 mg) should be used: 


for the elderly and debilitated 
when the I.M. route is chosen 
for traumatized patients 


6 e Valium does not interact with oral 
anticoagulants and does not potentiate 
or reduce succinylcholine requirements. 


True 
False 


































ff dministration: Used intramuscularly, 
Injectable Valium (diazepam) should be injected 
deeply into the muscle. When using intravenously, 
follow these procedures to reduce the possibility of 
venous thrombosis, phlebitis, local irritation, swelling 
ind, rarely, vascular impairment: Inject slowly, taking 
t least one minute for each 5 mg (1 ml) given; inject 
directly into vein avoiding small veins, such as those 

- on the dorsum of the hand or wrist; use care to avoid 
intra-arterial administration or extravasation. Do not 
mix or dilute with other solutions or drugs or add to 
.V. fluids. 

Adverse reactions: Parenteral Valium is 
generally well tolerated and rarely affects vital signs; 
however, I.V. administration should be performed 
cautiously. (See section on *Elderly.") Injection-site 
pain and occasional phlebitis can occur. 'The most 
common side effects of Valium include drowsiness, 
fatigue and ataxia. These may occur more frequently 
n older patients or at higher dosage levels. (For com- 
lete list of adverse reactions, see summary of product 
information on following page.) 


Antianxiety: Valium is one of the most widely 
respected antianxiety agents available. Used in the 
hospital, Injectable Valium is a useful premedication 
for the relief of anxiety and tension in patients who 

re to undergo surgical procedures or cardioversion. 
tis also a valuable adjunct in endoscopic procedures, 
if apprehension, anxiety or acute stress reactions are 
present. 


Cardioversion: Injectable Valium is adminis- 
tered I.V. for anxiety at about 5 mg/ min. until dys- 
arthria is evident. The usual dose is between 10 to 

20 mg, but a few patients may require more. Following 
cardioversion, the patient usually does not remember 
the shock. Harmful hemodynamic effects are rare, 
even in the presence of cardiac or pulmonary disease. 
See section on “Elderly.”’) 


Josage: Dosage should be individualized for opti- 
mal benefit. Depending on the indication and its 
severity, the usual recommended dose ranges from 2 
to 20 mg I.M. or I.V. In acute conditions, the injection 
may be repeated within one hour, although an interval 

3 to 4 hours is usually satisfactory. Lower doses 
usually 2 to 5 mg) and slow increments should be used 
or elderly or debilitated patients and when sedatives 
are used. (See summary of product information.) 


4 derly: Lower doses should be used in elderly or 
debilitated patients (usually 2 mg to 5 mg). Doses 
Should be limited to the smallest effective amounts. 


2-ml Tel-E-Ject® 
disposable syringes 5 
2-ml ampuls Á 
10-ml vials 


Answers to Pre-Review Quiz: 1. C; 2. A; 3. A; 4. B; 5. A; 6. A. 


Injectable Valium /; 


ml 





À quick review | 


Injectable Valium (diazepam) from A toZ 


Extreme care is necessary in intravenous administra- 
tion to the very ill and those with limited pulmonary 
reserve because of the possibility of apnea and/or 
cardiac arrest. Resuscitative equipment should be at 
hand. ^ 


Endoscopy: Before any endoscopic procedure, 
Injectable Valium (diazepam) may be a useful adjunct 
to relax apprehensive patients and diminish their 
recall of the procedure. Although the agent relaxes 
and calms, most patients can still respond to direc- 
tions such as “Swallow.” Narcotic dosage should be 
reduced by at least one-third and in some cases may be 
omitted. (See “Precautions” in summary of product 
information.) 


Interaction with other drugs: Injectable 
Valium is used with most classes of primary medica- 
tions such as cardiac glycosides, diuretics, vasodila- 
tors, anticholinergics, anticoagulants and antacids. 
Studies have shown Valium does not interact with oral 
anticoagulants and does not potentiate or reduce 
succinylcholine requirements. But, if Valium is used 
with other psychotropics or anticonvulsant drugs, 
possible potentiation of CNS depression must be con- 
sidered. Valium has produced hypotension or muscu- 
lar weakness in some patients, particularly when used 
with narcotics, barbiturates or alcohol. (See **Precau- 
tions.") It should not be mixed or diluted with other 
drugs or solutions, or added to I.V. fluids. 


Muscle relaxant: In jectable Valium is a valu- 
able adjunct for relief of skeletal muscle spasm due to 
reflex spasm to local pathology such as inflammation 
of muscles or joints or secondary to trauma. It is con- 
sidered by many physicians to be one of the most 
useful muscle relaxants available. 


Preoperative use: As useful premedication to 
relieve preoperative anxiety and tension, Injectable 
Valium should be administered (preferably 10 mg 
I.M.) just prior to surgery. When other premedica- 
tions are used with Valium, they must be administered 
in separate syringes. 


Suppression of recall: Ability to produce 
anterograde amnesia from the time of injectioreis an 
important property of Injectable Valium. Adminis- 
tered I.V., Valium usually produces rapid onset of 
anterograde amnestic effects of short duration. When 
it is given just before passage of an endoscopic instru- 
ment, few patients recall the procedure. Given prior 
to elective cardioversion, it has caused amnesia in 
most patients. 


(diazepam) 


Please see the following page for a summary of product information. 
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Injectable Valium diazepam) — 


Before prescribing, please consult complete product 
information, a summary of which follows: 

Indications: Tension and anxiety states; somatic 
complaints which are concomitants of emotional factors; 
psychoneurotic states manifested by tension, anxiety, 
apprehension, fatigue, depressive symptoms or agitation; 
symptomatic relief of acute agitation, tremor, impending or 
acute delirium tremens and hallucinosis due to acute 
alcohol withdrawal; adjunctively in: relief of skeletal muscle 
spasm due to reflex spasm to local pathology; spasticity 
caused by upper motor neuron disorders; athetosis; 
stiff-man syndrome; tetanus; status epilepticus and severe 
recurrent seizures; adjunctively in anxiety, tension or acute 
stress reactions prior to endoscopic and surgical 
procedures; cardioversion. 

Contraindicated: In infants; in patients with known 
hypersensitivity to the drug; in acute narrow angle 
glaucoma; may be used in patients with open angle 
glaucoma receiving appropriate therapy. 

Warnings: When used I.V., the following procedures 
should be undertaken to reduce the possibility of venous 
thrombosis, phlebitis, local irritation, swelling, and, rarely, 
vascular impairment. Inject slowly, taking at least one 
minute for each 5 mg (1 ml) given; do not use small veins, 
i.e., dorsum of hand or wrist; extreme care should be taken 
to avoid intra-arterial administration or extravasation. Do 
not mix or dilute with other solutions or drugs; do not add to 
l.V. fluids. 

Administer with extreme care to elderly or very ill and 
those with limited pulmonary reserve because of possibility 
of apnea and/or cardiac arrest; have resuscitative facilities 
available. When used with narcotic analgesic eliminate or 
reduce narcotic dosage at least V5, administer in small 
increments. Should not be administered to patients in 
shock, coma, acute alcoholic intoxication with depression 
of vital signs. As with most CNS-acting drugs, caution 
agaihst hazardous occupations requiring complete mental 
alertness (e.g., operating machinery, driving). Advise 
against simultaneous ingestion of alcohol and other CNS 
depressants. Withdrawal symptoms (similar to those with 
barbiturates and alcohol) have occurred following abrupt 
discontinuance (convulsions, tremor, abdominal and 
muscle cramps, vomiting and sweating). Keep 
addiction-prone individuals under careful surveillance 
because of their predisposition to habituation and 
dependence. In pregnancy, nursing women or women of 
childbearing potential, weigh expected benefit against 
possible hazard to mother and child. Not recommended 
for OB use. 

Precautions: |f combined with other psychotropics or 
anticonvulsants, carefully consider individual pharmaco- 
logic effects—particularly with known compounds which 
may potentiate action of Valium (diazepam), /.e., pheno- 
thiazines, narcotics, barbiturates, MAO inhibitors and 
other antidepressants. Protective measures indicated in 
highly anxious patients with accompanying depression 
who may have suicidal tendencies. Observe usual 
precautions in impaired hepatic function; avoid accumu- 
lation in patients with compromised kidney function. 
Laryngospasm and increased cough reflex are possible 
during peroral endoscopic procedures; use topical anes- 
thetic and have necessary countermeasures available. 
Hypotension or muscular weakness possible, particularly 
when used with narcotics, barbiturates or alcohol. Use 
lower doses (2 to 5 mg) for elderly and debilitated; 

‘safety and efficacy in children under 12 not established. 

Adverse Reactions: Drowsiness, fatigue, ataxia, 


venous thrombosis and phlebitis at injection site, 
confusion, depression, dysarthria, headache, hypoactivity, 
Slurred speech, syncope, tremor, vertigo, constipation, 
nausea, incontinence, changes in libido, urinary retention, 
bradycardia, cardiovascular collapse, hypotension, blurred 
vision, diplopia, nystagmus, urticaria, skin rash, hiccups, 
changes in salivation, neutropenia, jaundice. Paradoxical 
reactions such as acute hyperexcited states, anxiety, 
hallucinations, increased muscle spasticity, insomnia, 
rage, sleep disturbances and stimulation have been 
reported; should these occur, use of the drug should be 
discontinued. Cough, depressed respiration, dyspnea, 
hyperventilation, laryngospasm and pain in throat and 
chest have been reported in peroral endoscopic 
procedures. Isolated reports of neutropenia, jaundice; 
periodic blood counts and liver function tests advisable 
during long-term therapy. Minor EEG changes, usually 
low-voltage fast activity, of no known significance. 

Dosage: Usual initial adult dose is 2 to 20 mg I.M. or 
|.V., depending on indication and severity. Larger doses 
may be required in some conditions (tetanus). In acute 
conditions injection may be repeated within 1 hour, 
although interval of 3 to 4 hours is usually satisfactory. 
Lower doses (usually 2 to 5 mg) with slow dosage increase 
for elderly or debilitated patients and when sedative drugs 
are added. (See Warnings and Adverse Reactions.) 

I.M. use: by deep injection into the muscle. 

l.V. use: inject slowly, take at least one minute for each 
5 mg (1 ml) given. Do not use small veins, i.e., dorsum of 
hand or wrist. Use extreme care to avoid intra-arterial 
administration or extravasation. Do not mix or dilute with 
other solutions or drugs; do not add to I.V. fluids. 

Moderate psychoneurotic reactions, 2 to 5 mg I.M. or 
I.V. and severe psychoneurotic reactions, 5 to 10 mg I.M. 
or I.V., repeat in 3 to 4 hours if necessary; acute alcoholic 
withdrawal, 10 mg I.M. or I.V. initially, then 5 to 10 mg in 3 
to 4 hours if necessary; muscle spasm, 5 to 10 mg I.M. or 
I.V. initially, then 5 to 10 mg in 3 to 4 hours if necessary 
(tetanus may require larger doses); status epilepticus, 
severe recurrent convulsive seizures, 5 to 10 mg I.M. or L.V. 
initially, repeat in 2 to 4 hours if necessary. In endoscopic 
procedures, titrate |. V. dosage to desired sedative 
response, generally 10 mg or less but up to 20 mg (if 
narcotics are omitted) immediately prior to procedure; if 
I.V. cannot be used, 5 to 10 mg I.M. approximately 30 
minutes prior to procedure. As preoperative medication, 
10 mg I.M.; in cardioversion, 5 to 15 mg l.V., within 5 to 10 
minutes prior to procedure. Once acute symptomatology 
has been properly controlled with injectable form, patient 
may be placed on oral form if further treatment is required. 

Management of Overdosage: Manifestations include 
somnolence, confusion, coma and diminished reflexes. 
Monitor respiration, pulse, blood pressure; employ general 
supportive measures, l.V. fluids, adequate airway. Use 
levarterenol or metaraminol for hypotension, caffeine and 
sodium benzoate for CNS-depressive effects. Dialysis is of 
limited value. 

Supplied: Ampuls, 2 ml, boxes of 10; Vials, 10 ml, 
boxes of 1; Tel-E-Ject® (disposable syringes), 2 ml, boxes 
of 10. Each ml contains 5 mg diazepam compounded with 
40% propylene glycol, 10% ethyl alcohol, 5% sodium 
benzoate and benzoic acid as buffers, and 1.576 benzyl 
alcohol as preservative. 
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Comparison of Payne and Scott Operations for 


Morbid Obesity | 


MAX R. GASPAR, M.D.,* HERBERT J. MOVIUS, Il, M.D. JOHN J. ROSENTAL, M.D., DANNY ANDERSON, M D. 


One hundred five patients were operated upon for morbid 
obesity using accepted criteria for operation. Forty-five patients 
with the Payne operation (35 cm of jejunum anastomosed end- 
to-side to 10 cm of ileum) were compared with 45 patients 
having the Scott operation (30 cm of jejunum anastomosed 
end-to-end to 15 cm of ileum with the proximal cut end of ileum 
vented into the transverse colon). The weight loss in the first 
two years was similar, although the Scott procedure patients 
lost slightly more weight. Comparison of the two groups by a new 
grading system also showed little difference in the two procedures. 
The Scott procedure takes longer and subjects the patient to an 
additional anastomosis. Study of a smaller group of patients hav- 
ing the Scott operation with varying lengths of jejunum and 
ileum indicates that there should not be less than 30 cm of jejunum 
nor more than 15 cm of ileum left in continuity. The length of 
jejunum is particularly important in the production of weight 
loss, and accurate intraoperative measurement of intestinal length 
- is crucial. In the postoperative period the length of functional 
jejunum and ileum can be determined by upper gastrointestinal 
barium roentgenograms. 


INCE the advent of jejuno-ileal bypass for morbid 
S obesity, several variations of the operation have been 
proposed, but the most frequently used are the Payne 
procedure,? in which 35 em (14 in) of jejunum are joined 
end-to-side to 10 cm (4 in) of ileum, and one of the Scott 
procedures? in which 30 cm (12 in) of jejunum are joined 
end-to-end with 15 cm (6 in) or more of ileum and the 
proximal cut end of the ileum is vented into either the 
transverse colon or the sigmoid colon (Figs. 1 and 2). 
Salmon? also proposed an end-to-end anastomosis but 
used longer lengths of jejunum and ileum. 

Scott abandoned the Payne procedure because 5 of 11 
patients failed to lose adequate amounts of weight, and he 
attributed this to hypertrophy, dilatation and elongation 


Presented at the Annual Meeting of the American Surgical Associa- 
tion, New Orleans, Louisiana, April 7-9, 1976. 
* 1045 Atlantic Avenue, Suite 1008, Long Beach, California 90813. 


From the 
From the St. Mary's Medical Center, Long Beach; 
& Long Beach Community Hospital 





of the proximal jejunum and to elongation of the terminal 
ileum with reflux into the bypassed ileum probably being 
the most important factor. Starkloff, in discussion of 
Payne's* paper detailing 16 years of experience with 
jejunoileal bypass, stated that 20% of his patients with 
the end-to-side anastomosis reached a weight plateau too 
early, and therefore he had adopted the end-to-end-oper- 
ation. Woodward, in discussion of one of Scott's? papers, 
stated that with the end-to-side anastomosis patients 
tended to plateau at a level which was not satisfactory, 
and therefore he shifted to the end-to-end anastomosis, 
but a comparison one year later showed no difference ' 
in the two procedures. Wills,!? in discussing several 
different procedures, had insufficient followup to ade- 
quately compare the end-to-side with the end-to-end 
procedures but gained the impression that there was not 
enough difference to warrant using one in preference to 
the other. Jewell et al.' found no substantial differ- 
ence in the Payne (35 cm to 10 cm) and Scott (30 cm to 
30 cm) procedures. 

Except for the above-mentioned observations, we 
know of no other comparisons of the two procedures and 
of no prospective studies. The following study is an at- 
tempt to compare the results of the Payne and Scott 
procedures. 


Material 


One hundred five morbidly obese patients were oper- 
ated upon using usually accepted criteria for selection 
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LIGAMENT 
OF 
TREITZ 


35.0cm. OF 
JEJUNUM 





10.0 cm. OF 


ILEUM 


Fic. 1. 
anastomosed end-to-side to 10 cm of ileum. 


Payne operation for morbid obesity; 35 cm of jejunum 


of patients. These are: 1) Two or more times ideal 
weight or 45 kg (100 Ib) overweight for at least five 
years; 2) Unsuccessful dietary programs; 3) No endo- 
crinopathy; 4) No significant constitutional disease that 
would increase risk; 5) Emotional stability; 6) Patient 
awareness of the risks and complications; 7) Assurance of 
cooperation by the patient in postoperative followup. 

Patients were interviewed by one or more of the authors 
in order to be certain the above criteria were met. Judg- 
ment of the emotional stability of the patient depended 
on the opinion of the interviewer, but psychiatric 
evaluation was obtained in some cases. 

In addition to the history and physical examination, 


SCOTT 


\ LIGAMENT 






lA OF 
diis: TREITZ 
30.0cm. OF 
JEJUNUM 
15.0cm. OF ILEUM 


Fic. 2. Scott operation for morbid obesity; 30 cm of jejunum 
anastomosed end-to-end to 15 cm of ileum. Proximal cut end of 
ileum anastomosed end-to-side to transverse colon. 


GASPAR AND OTHERS 


Ann. Surg. e October 1976 
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TABLE l. Weight, Age and Sex 








Payne Scott 
Average preop. weight 134 kg (295 Ib) 136 kg (300 Ib) 
Average age 34 yrs. 35 yrs. 
Female patients 42 4] 
Male patients 3 4 





preoperative evaluation consisted of chest, upper gastro- 
intestinal and gallbladder roentgenograms, electrocardio- 
gram, pulmonary function studies, serum sodium, potas- 
sium, chloride, carbon dioxide, calcium, uric acid, 
albumin, globulin, bilirubin, urea nitrogen, glucose, caro- 
tene, alkaline phosphatase, cholesterol, LDH and 
SGOT, a lipid panel, T3 and T4 and 24-hour urinary 
17-hydroxycorticosteroids and 17-ketosteroids. 

Those patients referred to one of the senior authors had 
the Payne procedure performed, and the other senior 
author elected to perform the Scott procedure in those pa- 
tients referred to him. Forty-five patients had the Payne 
procedure, and 60 patients had the Scott procedure. The 
45 patients in the Payne group were well matched with 
45 patients in the Scott group, and these two groups 
formed the principal cohorts for comparison in this study 
(Table 1). Fifteen patients having variations of the Scott 
operation provided an important sub-group from which 
some conclusions could be drawn. 

Transverse upper abdominal incisions were made in all 
patients. Liver biopsy was done and cholecystectomy 
performed when gallstones were present, and ap- 
pendectomy was performed when the appendix was 
present. In the Payne operations the anastomosis was 
made with an open technique using one layer of non- 
absorbable sutures. In the Scott operations the proximal 
transected end of ileum was vented into the transverse 
colon, and both anastomoses were made with a closed 
technique over clamps? using one layer of non- 
absorbable sutures. The abdomen was closed in layers 
with interrupted nonabsorbable sutures. The subcuta- 
neous tissues were not sutured. No drains were used. 


Grading of Results 


To date no precise criteria for the classification of 
results of jejuno-ileal bypass have been presented. There- 
fore, we propose the following grading system patterned 
somewhat after the Visick? classification of results of 
operations for duodenal ulcer widely used in England 
(Table 2). 

Grade A: Patient achieves a weight within 5 kg of ideal 
as determined from Metropolitan Life Insurance 
Company tables. No complications not easily treated by 
medical means. Patient satisfied. (All three criteria must 7 
be met.) 
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e 
TABLE 2. Grading System 


Grade A: Within 5 kg of ideal weight. No complications not easily 
treated by medical means. Patient satisfied. 


Grade B: Within 15 kg of ideal weight. No serious complications. 
Patient satisfied. 


Grade C: Within 25 kg of ideal weight. No serious complications. 
Patient satisfied. 
Note: Patient must achieve all three criteria to qualify for 
Grades A through C. 


Grade D: Patient satisfied in spite of weighing more than 25 kg over 
ideal weight. 


Grade F: More than 25 kg overweight. Any serious complication or 
death. Patient not satisfied. 


Grade B: Within 15 kg of ideal weight. No serious 
complications. Patient satisfied. (All three criteria must be 
met.) 

Grade C: Within 25 kg of ideal weight. No serious 
complications. Patient satisfied. (All three criteria must 
be met.) 

Grade D: More than 25 kg over ideal weight but patient 
satisfied. 

Grade F: More than 25 kg over ideal weight. Any 
serious complications or death. Patient not satisfied for 
any reason (even though weight loss might be satisfactory). 

Grades A and B are clearly excellent results. Grade C 
may be equivocal from the strictly surgical standpoint 
but in general is a good result, especially in a patient 
markedly obese before operation. Grade D is not strictly 
a failure because many extremely obese patients are 
happy and healthier because of losing large amounts of 
weight even though they may not be within as much as 45 
kg. of their ideal weight. They often are able to eat 
satiating meals without gaining weight. Grade F is an 
obvious failure. Although there is no ideal time for grad- 
ing, two years after operation seems to be reasonable, 
but some patients change to a different grade after two 
years. 


Results 


In the Payne group the average weight loss in 3 
months was 21 kg, in 6 months 29 kg, in 12 months 
42 kg, in 18 months 49 kg, and in 24 months 54 kg 
(Table 3). In the comparable Scott cohort the average 
weight loss in three months was exactly the same (21 kg); 
but at 6, 12, 18 and 24 months the weight loss was 36, 
51, 60 and 64 kg (Fig. 3). Figure 4 shows these data 
in relation to patient weight. There were too few patients 
followed more than two years to be significant, 
although it appears that patients with the Scott procedure 
held their weight fairly well after two years of weight loss, 
whereas there was a tendency for more patients with the 
Payne procedure to gain weight slightly. On the other 


Payne Scott 
(35 cm- 10 cm) (30 cm- 15 em) 

3 mon 21 kg. 2] kg. 
(45 patients) (44 patients) 

6 mon 29 kg. 36 kg. 
(45 patients) (43 patients) 

12 mon 42 kg. 51 kg. 
(42 patients) (42 patients) 

18 mon 49 kg. 60 kg. 
(38 patients) (34 patients) 

24 mon 54 kg. 64 kg. 


COMPARISON OF PAYNE AND SCOTT OPERATIONS 


TABLE 3. Average Weight Loss 


(35 patients) 


(30 patients) 
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hand, three patients in the Scott group lost to a weight 
below ideal. 

In regard to our grading classification of results (Table 
4), of those with the Payne procedure there were 29 with 
clearly good results; 12 in Grade A, 9 in Grade B, and 8 
in Grade C. There were 9 in Grade D, and 7 in Grade 
F. One patient in Grade F believed she lost too much 
weight, going from 128 kg to 52 kg in 24 months, and was 
reconnected elsewhere and regained to 128 kg. Another 
patient weighed 191 kg before operation and lost to 75 kg 
(within 14 kg of her ideal weight) but was dissatisfied be- 
cause of "too much gas" when she ate certain foods. 
Another with a pickwickian syndrome and heart failure 
weighed 200 kg before bypass and lost to 96 kg but was 
very bitter because of a wound problem. Two patients 
were dissatisfied because of insufficient weight loss. One 
nonalcoholic patient with a strong family history of 
cirrhosis developed hepatic necrosis and died 4-years 


AVERAGE WEIGHT LOSS 
PAYNE 35.0-10.0 cm. 


SCOTT 30.0-15.0 cm. 





Months 3 6 12 18 24 


Fic. 3. Average weight loss of patients at intervals after Payne and 
Scott operations for morbid obesity. 
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Months 3 6 12 18 24 


_ Fic. 4. Average weights of patients after Payne and Scott operations 
for morbid obesity. 


after bypass. Another died three years after operation 
from congestive heart failure, having lost 50 kg. 

Of the Scott procedures, there were 32 with clearly 
good results: 10 in Grade A, 14 in Grade B, and 8 in 
Grade C. There were 7 in Grade D, and 6 in Grade F. 
One patient in Grade F lost from 103 kg to 65 kg in 
12 months and generally was happy, but she was dis- 
satisfied at losing her boy friend because of diminution 
of her sex drive. Another was unhappy from the beginning 
because of diarrhea and was lost to followup. Four 
patients died and will be discussed under mortality. 
Thirty-eight of the patients in the Payne group and 39 
of the patients in the Scott group were satisfied with 
the result of the operation. 


A Group of Modified Scott Operations 


Fifteen patients had a Scott-type procedure (end-to- 
end jejuno-ileal anastomosis with venting of the proximal 
end of the transected ileum into the transverse colon) in 
which various lengths of jejunum and ileum were used. 
_In 13 patients this was done in an effort to customize 
the operation to the patient because these patients were 
less obese. Their average weight was 117 kg. The jejunum 
was 30 cm (12 ing in each patient, but the ileum was 
30 cm (12 in) in 6 patients, 25 cm (10 in) in 5 patients, 
and 20 cm (8 in) in two patients. In general, those pa- 
tients with the longer lengths of ileum lost less weight 


TABLE 4. Grading of Results 


Payne Scott 
l—————————— À'ÁÉÓÁÁÉ— 

Grade A 12 10 
Grade B 9 14 
Grade C 8 8 
29 32 
Grade D 9 7 
Grade F 7 6 
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than those with 15 cm (6 in) of ileum, but the two 
patients with 20 cm (8 in) of ileum were comparable in 
weight loss to those with 15 cm (6 in) of ileum. All but 
one of these patients were satisfied with the result of 
the operation, but none achieved a Grade A or Grade B 
result (Table 5). 

Two patients with 22 cm (9 in) of jejunum joined 
to 15 cm (6 in) of ileum reached their ideal weights in 
the first year after operation but continued to lose ex- 
cessively in the next year and eventually went down to 36 
kg (80 Ib) (Table 6). Not until an upper gastrointestinal 
barium roentgenogram was done was it realized that each 
patient had only 22 cm (9 inches) of jejunum, whereas 
at operation it was thought that 30 cm (12 inches) of 
jejunum was being measured. Both patients have been 
reoperated upon and have been converted to the Pavne 
configuration with 22 cm (9 in) of jejunum and 30 cm (12 
in) of ileum. Both patients were adamant in their 
insistence that they not become obese after the re-do 
operation. One has regained 10 kg in three months and the 
other was operated upon more recently. 


Complications 


Diarrhea is an expected complication of jejuno-ileal 
bypass and, although annoying in many patients in the 
early months after operation, usually becomes tolerable, 
and most patients average three to five soft bowel 
movements daily after two years. There was no dif- 
ference in the Payne and Scott procedures. Similarly, 
there were no differences in the incidence of nausea, 
vomiting, weakness, loss of sex drive, hair loss, thirst 
or rectal problems. Two patients of the 45 with the Payne 
operation and 8 of the 60 with the Scott operation 
developed urinary tract calculi. Two in the Payne group 
and 5 in the Scott group developed arthritis. The reasons 
for these differences are not known. Early in the series 
two patients developed an intussusception of the distal 
cut end of the jejunum before we learned to tack it to the 
mesentery or to plicate it upon itself. 

Wound and bowel complications were of particular in- 
terest because of the open anastomosis used in the Payne 
operations and the two closed anastomoses used in the 
Scott operations. There were three wound abscesses in 
the 45 patients in the Payne group and two in the 
60 patients in the Scott group. There were no eviscera- 
tions in either group, but there were 7 ventral incisional 
hernias in the 105 patients. Most of these occurred during 
a short period in which the peritoneum and posterior 
sheath of the transverse incision were closed with a 
continuous catgut suture rather than with interrupted 
nonabsorbable sutures. There were no known anas- 
tomotic leaks. In the Scott group one patient was re- 
operated upon within one week because of obstruction 
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at the jejuno-ileal anastomosis, and another patient was 
" reoperated upon because of bleeding at the ileal-colic 
. anastomosis. 

Electrolyte disturbances were frequent in both groups 
with hypokalemia being most prevalent. Hypomagnesemia 
was noted in 19 patients but was easily corrected in 
all. Eleven patients needed hospitalization for correc- 
tion of electrolyte imbalance or hypovolemia in the 
early postoperative period. One patient, the oldest 
operated upon (64 yrs), was denied the operation three 
times because of heart failure. After operation, she 
was hospitalized for hypokalemia; and after going home, 
her elderly husband failed to give her potassium, 
and she died two months after operation because of 
arrhythmia. 


Mortality 


There were no in-hospital deaths, but 6 patients have 
‘ died since the operation. One died of a pulmonary 
embolus at home 34 days after operation. A 41-year-old 
woman developed cirrhosis but refused reconstruction of 
the intestinal tract and died four years after operation. 
Another died 9 months after operation from hepatic 
necrosis and brain abscess secondary to Mucor mycosis 
sepsis associated with hyperalimentation. Two patients 
died of congestive heart failure: one, two months after 
operation because of failure to take her potassium, 
and the other, three years after operation. Two years 
after operation a 45-year-old woman developed fulminat- 
ing ulcerative colitis following her father's death and 
died of peritonitis due to colonic perforation. The entire 
colon was involved, but the small bowel was not affected. 
This is the only such case we have found in the literature. 

The first 4 deaths clearly were associated with the 
“ operation. The patient who died three years after by- 
pass was operated upon to counteract the effect of 
obesity on her cardiac failure. She was protected for 
three years. We have no proof that the patient dying 
from acute ulcerative colitis developed the terminal 
disease because of the bypass. We know of no other 
similar reports, although ischemic colitis! and small 
intestine enteritis? have been reported. 


Discussion 


From the numerous reports in the literature it is ap- 
parent that jejuno-ileal bypass has been of significant 
benefit to many morbidly obese patients. However, not 
all patients have benefited. As yet we do not know 
why some patients lose weight well after operation and 
others do not. We do not know the ideal length of 
jejunum or the ideal length of ileum to be joined to- 
 gether in order to produce an optimum result in a given 
patient. Or should it be how much small bowel is 
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TABLE 5. Average Weight Loss —Scott (Special Group) 


(30 cm- 30 cm) (30 cm-25 cm) (30 cm-20 cm) 


6 Patients 5 Patients 2 Patients 
3 mon 15 kg 16 kg 15 kg 
6 mon 20 kg 26 kg 21 kg 
12 mon 27 kg 33 kg 32 kg 
18 mon 31 kg 36 kg 55 kg 
24 mon 30 kg 29 kg 65 kg 


bypassed? We may need a formula to be applied to 
individual patients. 

This study has been an effort to compare two of the 
more popular operations, and although from this experi- 
ence we did not find much difference between the Payne 
and Scott operations in which the same length of small 
bowel was left in continuity (45 cm or 18 in), we were 
able to gain some general impressions based on the smaller 
group of 15 patients having modified Scott operations. It 
appears that most patients do not lose satisfactory 
amounts of weight if there is more than 15 cm of ileum 
left in continuity. Judging from the two patients who 
had only 22 cm of jejunum and who lost too much 
weight, it appears that the length of jejunum left in 
continuity may be crucial. Anything less than 30 cm of 
jejunum may be too short. 

Measurement of the bowel length to be anastomosed 
is very important and fraught with error. We have used 
a measured length of umbilical tape to determine the 
jejunal component and the ileal component. The ligament 
of Trietz is an indefinite area, and an error can be 
made in its precise location for establishing the 
proximal limit of the measurement. Most authors recom- 
mend that the measurement be made on the mesenteric 
border with the intestine on a tight stretch, and we 
have done so. In our two cases in which the jejunum 
was later found to be only 22 cm in length, it is possible 
that the proximal limit of the measurement was indeter- . 


TABLE 6. Two Patients With Scott Procedure With 22 cm of 
Jejunum Joined to 15 cm of Ilgum 











Patient M.F. Wt. Loss 
Preop. weight 127 kg 3 mon 92 kg 35 kg 
Ideal weight 57 kg 6 mon 75 kg 52 kg 
Overweight 70 kg 12 mon 56 kg 71 kg 
18 mon 49 kg 78 kg 
24 mon 44 kg 83 kg 
27 mon 36 kg 9] kg 
Patient A.F. ý Wt. Loss 
Preop. weight 118 kg 3 mon 98 kg 20 kg 
Ideal weight 55 kg 6 mon 80 kg 38 kg 
Overweight 64 kg 12 mon 57 kg 61 kg 
I8 mon 51 kg 67 kg 
24 mon 40 kg 78 kg 

27 mon — — 








Fic. 5, Upper gastrointestinal barium roentgenogram of patient who 
lost insufficient weight (10 kg) in two years after Scott operation for 
morbid obesity. Jejunum measures 47 cm in length. 


minate or that the umbilical tape had been measured 
. Inaccurately. It is unlikely that the jejunum retracted 
after operation, because most authors have found it to 
lengthen, and this has been our experience, also. The 
ileum does not ap$ear to elongate. It also is possible that 
those patients who have not lost adequate amounts of 
weight postoperatively had a longer length of jejunum 
measured than was desired. Similarly, it is possible that 
the ileal length was not accurately measured. There- 
fore, it appears that the portion of the operation in 
which the intestinal segments are measured is extremely 
important to the ultimate success of the operation. 

We have found the barium upper gastrointestinal 
roentgenographic study to be useful in estimating the 
length of jejunum and ileum in continuity after opera- 
tion, but the roentgenologist must be informed of his 
duties and must be careful to position the patient 
properly to accurately measure both jejunum and ileum. 
In two patients who did not lose sufficient weight, 
the jejunum was found to be longer than it should have 
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been (Fig. 5); and in two patients who lost too much 
weight, it was found to be shorter than it should have 
been (Fig. 6). The ileal segments were the prescribed 
length in each case. The measurements made by the 
roentgenologist were verified at operation in two cases. 
Although the jejunum may have changed length after 
operation, it is possible that the original measurements 
were Inaccurate. 

In our two main study groups the total length of 
intestine left in continuity was 45 cm (18 in). The two 
groups were roughly comparable in their weight loss in 
the first two years after operation, although the Scott 
group lost a little more. After two years there was a 
tendency for weight gain in the Payne group. This indeed 
may be due to reflux into the bypassed ileal segment. On 
the other hand, perhaps the 5 cm longer length of 
jejunum in the Payne cases accounts for the difference. 

The Scott procedure took an average of one-half hour 
longer to perform because of the additional anastomosis 


necessary, and it subjects the patient to the hazards of ^ 


F 


Fic. 6. Upper gastrointestinal barium roentgenogram of patient who 
lost too much weight (91 kg) after Scott operation for morbid 
obesity. Jejunum measures 22 cm in length. 
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another anastomosis. The mesenteric defects are also 
slightly more difficult to close. It is also more difficult 


. to modify if reoperation is necessary. 


From the foregoing it appears that 45 cm is close to 
the ideal total length of intestine to be left in con- 
tinuity, that there should not be more than 15 cm of ileum 
nor less than 30 cm of jejunum, that the weight loss 1n 
the Payne and Scott configurations is similar, that the 
Scott patients do a little better but the operation takes 
slightly longer and is slightly more hazardous. There- 
fore, we surmise that the Payne configuration with 30 cm 


of jejunum and 10 cm of ileum might be ideal. We have > 


applied this modification to a small group of patients. 
Patient selection may be important in the ultimate 
outcome of the operation. We have had an impression 
the younger patients lose weight better than older 
patients, and this seems to be borne out in that the 
patients who achieved Grades A, B and C averaged 33 
years of age, whereas those in Grades D and F 
averaged 40 years of age. We have also believed that 
more intelligent and well motivated patients do better 
than the less intelligent and less well motivated, 
but we have had too few psychological and psychiatric 
evaluations to document this thought. Perhaps all patients 
should have psychological or psychiatric evaluation be- 
fore operation. Such a plan possibly would have al- 
lowed us to refuse the operation to several patients who 
ultimately did not lose satisfactorily or were dissatisfied. 
It is important to inform patients that they may not lose 
as much weight as they would hope to lose and that they 
might have to diet to achieve ideal weight. Of 66 patients 


questioned about their eating habits, 35 stated that they 


ate less than before operation, whereas 16 ate more and 
12 ate the same amount as they did prior to the opera- 
tion. Also, these people usually are young and after by- 
pass may develop medical problems which cannot be 
attributed to the bypass. Nevertheless, there seems to be 
a higher incidence of urinary tract calculi and arthritis 
than would be expected in a comparable age group. Most 
patients after bypass are healthier and feel much better 
and are more mobile and comfortable, and many of those 
who are bothered by arthritis, loss of energy, decreased 
sex drive, moderate diarrhea and other problems are 
pleased with the operation and are not sorry that they had 
it performed. 


DISCUSSION 


Dr. J. HowARD PAYNE (Los Angeles, California): Dr. Scott did 
abandon the end-to-side procedure since the patients failed to lose ade- 
quate amounts of weight because of hypertrophy, hyperplasia, and 
elongation of the proximal jejunum and the terminal ileum, with re- 
flux in the bypassed segment. 

Now, in certain instances, all of these occur. This is the biopsy 
of the jejunum at the first operation of a patient, showing you the 
normal villi of the proximal jejunum. Ten years later, this patient was 
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Conclusions 
There is no clear-cut advantage of one procedure over 


the other. Although the patients in the Scott group lost 
slightly more weight and maintained the loss somewhat 


better, it is questionable if this was enough to warrant 


taking the longer time necessary to do the Scott procedure 
and subjecting the patient to an additional anastomosis. 
Most patients are content with either operation and 
achieve a satisfactory grade according to our grading 
system. 

There should not be less than 30 cm of jejunum or 
more than 15 cm of ileum left in continuity. 

Measurement of the intestinal segments 1s crucial to 
success of the operation. The jejunum is more difficult . 
to measure, but its length may be more important than 
that of the ileum in determining weight loss. f 

The complications of the two procedures are similar. 
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reoperated because of an inadequate weight loss, and the biopsy of the 
jejunum at the reoperation indicated an enormous hypertrophy, 
hyperplasia, and the elongation in this instance was 9 in. 

Now, one question to Dr. Gaspar at this time: Have you ob- 
served these changes in the Scott procedure? And if you have not, 
do you know any reason why they should not occur? 

Not all of these patients reflux into the ileum. However, we think 
that what little does reflux into the bypassed ileum may be a safety 
valve, because we do not see any anemias or By deficiencies, 
and rarely have to use iron or B, in the postoperative patient. 
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Dr. Gaspar's classification is interesting, but complex. We have 
used a similar, but a more simple— but certainly not absolutely 
accurate — measurement, and we have divided the patients into three 
classes. We do have what we call a very satisfactory group, to which 
65% of our patients belong. There is a satisfactory group of 25%, 
and a distinct failure in 10%. This classification depends upon 
how the patient and the doctor feel about it. 

Now, as far as prolonged weight loss, we had a 13-year-old patient 
who when first seen weighed 600 lbs. By the time we operated on 
him in 1966 he was about 592 Ibs and he now is at 190 lbs. Two 
other patients are at 190 Ibs after ten years. A smaller patient who was 
285 lös., has a followup of almost 5 years. He has now leveled off at 
about 190 Ibs., indicating that they do not all regain, and many of these 
patients are very happy, and do a very fine job at their work. 

Now, as far as the wound complications are concerned there were 27 
patients with wound complication. There were 7 infections, 13 hernias, 
3 dehiscences, and 4 seromas. The infections occurred in the early 
group, when we were doing panniculectomies, which we have now 
abandoned. We had 6 patients who developed gallstones, but, more 
important than the gallstones is the oxylate infiltration of the renal 
parenchyma. Diarrhea is a product of the operation, and not a complica- 
tion, and we feel that the elimination of iced drinks will control most of 
the diarrhea, along with some of the normal constipating drugs. 

Another question for Dr. Gaspar is: We are beginning to see 
patients with enormous megacolons, with pseudo-obstructions, and 
these have become quite annoying and quite difficult to treat. 

In conclusion, may I thank my many friends for the 20 years that 
they have been so patient, understanding, and encouraging during some 
very difficult times while developing this bypass operation. I honestly 
believe now, with the team approach in the proper environment, 
the bypass operation is justified and usable in the treatment of care- 
fully selected morbidly obese patients. 


Dr. H. WILLIAM Scorr, Jr. (Nashville, Tennessee): I would 
like to show a few slides that have persuaded us to arrive at a 
somewhat different conclusion. This group of 175 patients, as Dr. 
Gaspar mentioned, began with 11 patients submitted to Dr. Payne's 
procedure, and then we changed to the use of the end-to-end 
jejunoileal shunt in 164 patients. 

(Slide) We were concerned about reflux into the bypassed ileum in the 
Payne procedure. We worried also that nutritious chyme might enter 
the right colon and reflux into the bypassed bowel if it were joined to 
the colon in the area of the cecum, as has been done by my colleagues, 
Dr. Varco and Buchwald, and several others around the countrv. 


For that reason we conceived the idea of draining the bypassed bowel - 


into the sigmoid, and a number of our patients have had that 
anastomosis done, but we couldn't detect a great deal of difference be- 
tween our patients with the transverse colon anastomosis or the 
sigmoid. Since transverse colon is a little easier and a little handier to 


“use, most of our patients have had the anastomosis to the transverse - 


colon. 

We are concerned, too, about the dimensions of bypass of the short- 
ened bowel, as Dr. Gaspar has alluded, and we initially used the 
Payne procedure, using Dr. Howard Payne's dimensions of 14 in of 
jejunum joined to the side of ileum 4 in from the ileocecal valve. 

Then in the end to end anastomosis series first a group was studied 
in which 12 in of jejunum was joined to 12 in of ileum, and the by- 
passed bowel anastomosed to either sigmoid or transverse colon; then 


in another group we used 12 in of jejunum to 6 in of ileum, and then a — 


compromise in a fourth group, in which 12 in. of jejunum was joined 
to 8 in. of ileum. 

The patients with the Payne operation have lost weight rapidly in the 
first year, and then our patients have tended to level off far above 
their ideal weights. 

This is the 200 lb. mark on the graph and we really had only one 
patient who got below 200 Ib. in the Payne group. 

(Slide) This is a plot of mean weights of the several groups with 
weight loss plotted as a per cent of initial weight. Group I is the Payne 


group—these patients came down to about 65% of initial weight at one - 


year and then began to regain their weight. 
Group II with the 12 in. to 12 in. jejunoileal anastomosis came down 
at about the same rate, and have begun to level off a little prematurely 
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at suboptimal weights. Both groups III and IV have gotten down into a 
range closer to ideal weight, and have had better results in general. 

(Slide) We have attempted to grade the follow-up results. We have 
used categories good, fair, and poor, which are very close to what Dr. 
Gaspar used, and followups now of 5 to 8 years in 11 Payne pstients 
show no patient with a good result, 9 have poor results, and two fair. 
These are totally due to failure to lose adequate weight and maintain 
adequate weight loss. 

(Slide) In the end-to-end group, on the other hand, 50% of the patients 
in the Group II with 12 in. to 12 in. (30 cm to 30 cm) have achieved good 
results. And in Groups III and IV approximately 75% of the two 
groups have achieved good results. 

This means, in our grading criteria, that they have no persistent 
problem with diarrhea, no persistent electrolyte problems, and that there 
their rehabilitation has been satisfactory. 

And here is one other thing that tends to make us think that 
there is validity in the conclusion that the end-to-end procedure has 
been better for our patients; and this is the study of body composition, 
in which we have measured the lean tissues of the body, and 
compared this with body weight. We have estimated the body cell mass 
of Moore, determined by measuring total body water, and by measur- 
ing total body potassium, and then plotted the ratios of the lean 
tissues to body weight against time. These fat people began with aratio of 
around 0.35 to 0.40. A well trained athlete would have a ratio of 0.85. 

And in Group I, the Payne patients, over the years have improved 


their ratio by 21%, getting back we hope to a more ideal health state. | 
However, the patients of Group [V-——and the same is true of those in 


Group III—have greatly improved this ratio by 60 to 7496. Those 
patients rated as clinically good have achieved the 7496 level of 
improvement. 

l'd like to ask Dr. Gaspar, in closing, to tell us how he measures 
the bowel before he does either of these procedures, because Dr. Payne 
has taught us that this is a very critical maneuver. 


Dr. EDWARD Roy WooDpwaRD (Gainesville, Florida): I'm afraid we 
did not randomize our early experience any better than Dr. Scott did. 
We took ten patjents, and matched them with another ten patients ac- 
cording to their initial body weight, and did end-to-side shunts on ten 
and end-to-end shunts on ten. And at the end of two years there was no 
significant difference in the amount of weight loss or in the clinical 
state of the patients. We decided the extra work wasn't worth it, 
and have been using the end-to-side shunt since. 

I think we have, perhaps, a little difference in attitude, in that we do 
not attempt to approach ideal weight. We have found that there is a 
direct correlation between the degree of weight loss and the rate of 
weight loss and the incidence and severity of liver disease. Instead, 
we aim for a functional weight, one with which the patient is satisfied, 
no longer feels disturbed by his appearance, and has his various 
metabolic and vascular problems under adequate control. 

We reviewed 140 consecutive patients with the end-to-shide shunt in 
identical fashion and found that at 3 months they had lost 14% of their 
initial weight, with a standard deviation of only 3.7%. At 6 months they 
had lost 22%, with a standard deviation of 5.1%; and at 12 months 
they had lost 3096 of their original weight, with a standard deviation 
of 9.996. 


The deviation widened out drastically at the end of one year, and we | 
have seen patients who have lost too much weight, falling into a 


grossly malnourished state. Others have leveled off at a weight undesir- 
ably high. We, however, have seen regaining of weight after the 
end-to-side shunt to be a rather uncommon phenomenon. 

The experience we have had with reoperation in patients who have 
failed to lose weight adequately has been extremely disappointing. 
We have shortened elongated segments. We have converted end-to-side 
to end-to-end shunts, and have failed completely in 5 patients to 
achieve any significant additional weight loss. I think, in effect, that it 
is purely an empiric operation, and there are some patients who will 
simply outeat any shunt you put in them. 

So we are satisfied with the results of the end-to-side shunt, and al- 
though we don’t achieve ideal weight, we do achieve a functional weight, 
consistent with reasonable health, adequate drop in serum lipids, 
adequate control of hypertension, and so on. And we fee] that the 


quicker, simpler operation is adequate. It is not only, of course, an 
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empiric operation, but also à very drastic step, and, in our opinion, the 
most important single factor in patient selection is patient motivation. 


Dr. Max R. GASPAR (Closing discussion): These operations are being 
done in many community hospitals and often without the team ap- 
proach which is so necessary. Dr. Payne has estimated that 5,000 
to 15,000 such operations have been performed. 

We have observed elongation and hypertrophy of the jejunum after 
the Scott procedure as well as after the Payne procedure. We have 
not seen megacolon after either procedure. However, Passaro in Los 
Angeles has reported cases of small bowel enteritis after the Scott 
procedure in which the ileum was vented into the sigmoid, presumably 
due to reflux of sigmoid contents into the small bowel. For this 
reason we believe the ileum should be vented into the transverse colon. 
We have not seen enteritis in our cases in which this has been done. I 
don't believe our case of acute perforated ulcerative colitis was as- 
sociated with the jejuno-ileal bypass but rather with an acute 
psychological upset. 
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Dr. Scott asked how we measure the bowel. We have the correct 
length of umbilical tape premeasured (12 or 14 in). A Pean forceps 
clamped to one end of the tape is placed against the ligament of — 
Treitz. The mesenteric border of the jejunum is stretched very tightly 
along the tape in 2 to 4 in increments until the end of the tape is 
reached. A similar procedure is carried out on the terminal ileum 
using either a 4 or 6 in tape. Here the ileocecal valve is more easily 
identified than the ligament of Treitz, and there is less chance for error. 
These measurements must be accurate for they may mean the difference 
between success and failure. 

Dr. Woodward made an excellent point in stating that we should not 
try to get these patients down to their ideal weight but rather to a func- 
tional weight. A person who weighed 250 pounds over his ideal weight 
usually looks good and feels well when he gets down to within 50 or 
75 pounds above his ideal weight. Although Dr. Scott was not satisfied 
with the eleven Payne operations which he performed, I thought his pa- 
tients plateaued out quite well. I believe he abandoned the Payne 
procedure prematurely. 


Prostaglandins E and F in Endocrine 


. Diarrheagenic Syndromes 
BERNARD M. JAFFE, M.D., STANLEY CONDON, M.D.* 


The role of prostaglandins in endocrine diarrheagenic syndromes 
was evaluated by measuring peripheral concentration of im- 
munoreactive PGE and PGF in patients with non-endocrine 
diarrhea as well as those with the Zollinger-Ellison (Z-E) syn- 
drome, MCT, carcinoid tumors and the WDHA syndrome. In 
21 normals, PGE and PGF levels averaged 272 + 18 and 119 
+ 14 pg/ml, respectively. Twenty eight patients with diarrhea 
of non-endocrine origin (mainly inflammatory bowel disease) had 
levels indistinguishable from normal, i.e. 353 + 25 and 77 + 37 
pg/ml, respectively. Among 29 patients with the Zollinger-Ellison 
syndrome (mean gastrin 6127 + 3267 pg/ml) only 2 had sig- 
nificantly elevated PGE levels; mean PGE levels, 382 + 32 pg/ml, 
were not significantly different from normal and did not cor- 
relate with either diarrhea or the serum gastrin concentration. 
In contrast, 18 of 22 patients with carcinoid tumors (mean blood 
serotonin concentration 1655 + 604 ng/ml; mean urinary excre- 
tion of 5 HIAA 66.8 + 16.7 mg/day) had elevated peripheral 
concentrations of PGE. The mean PGE level (1367 + 245 pg/ml) 


was significantly elevated (P < 0.001). Nonetheless PGE levels ` 


did not correlate with diarrhea, blood concentrations of serotonin, 
-or urinary indole excretion. MCT (mean serum calcitonin 
24.5 + 6.3 ng/ml) was similarly associated with consistent (18/19) 
elevation in peripheral concentrations of PGE (mean 1922 
+ 841 pg/ml; P < Q,001). In this syndrome, PGE levels were 
higher in patients with diarrhea and in those with markedly 


Presented at the Annual Meeting of the American Surgical Associa- 
tion, New Orleans, Louisiana, April 7—9, 1976.- 
* With the cooperation of: Dr. S. R. Bloom, Hammersmith Hospital, 


London; Dr. G. Boden, Temple University, Philadelphia; Dr. J. ~ 


Gardner, N. I. H., Bethesda; Dr. E. L. Kaplan, University of 
Chicago, Chicago; Dr. S. Said, Southwestern Medical School, Dallas; 
Dr. F. Singer, University of Southern California, Los Angeles; Dr. J. 
Walsh, U.C.L.A., Los Angeles; Dr. R. Warner, Mt. Sinai Medical 
School, New York; Dr. S. Wilson, Medical College of Wisconsin, 
Milwaukee. ; 

Supported in part by NIH Research Grants 5RO1AM 12333-09 
and RR 00036. 

All correspondence: Dr. Bernard M. Jaffe, Department of Surgery, 
Washington University School of Medicine, 4960 Audubon Avenue, 
St. Louis, Missouri 63110. 


From the Departments of Surgery and Gastroenterology, 
Washington University School of Medicine, 
St. Louis, Missouri 


elevated serum thyrocalcifonin levels. Finally, 8 of 21 patients 
with the WDHA syndrome had increased levels of PGE. Although 
13 of 17 patients had high levels of VIP (mean 8133 pg/ml), 
2 patients had hyperprostaglandinemia in the face of normal 
peripheral concentrations of VIP. In one patient the serum PGE 
level was elevated prior to resection of the primary pancreatic 
neoplasm (9939 pg/ml) as well as the subsequent extirpation of a 
solitary hepatic metastasis (1063 pg/ml); following each procedure 
the diarrhea abated and the PGE level returned to normal. In 
none of these syndromes were mean PGF levels elevated. The 
study has documented hyperprostaglandinemia in some endocrine — 
diarrheagenic syndromes and validated the usefulness of meas- 
urements of PGE in patients with unexplained diarrhea. 


ROSTAGLANDINS have a number of effects on the 
P gastrointestinal tract. Compounds of the E and F 
groups of prostaglandins (PGE and PGF) cause contrac- 
tion of non-vascular smooth muscle, increasing intestinal 
motility,* and consequently decrease intestinal transit 
time.” In addition, these compounds inhibit intestinal 
absorption of water and electrolytes.“ In man, infusion 
of PGE, and PGF causes diarrhea. ?9:49 

Wiliams and colleagues first suggested that the 
diarrhea associated with medullary carcinoma of the thy- 
roid was caused by excessive secretion of prostaglandins 
by the tumor.® Sandler and associates subsequently 
reported that other neural crest tumors also produced 
large amounts of prostaglandins. In these early 
studies prostaglandin determinations were made using 
relatively crude techniques including thin-layer chroma- 
tography and bioassay. Using a sensitive and specific 
radioimmunoassay for prostaglandins developed in our 
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laboratory,’ we have reported elevated circulating 
levels of PGE in a limited number of patients with tumors 
of neural crest origin.?*?9? Since these levels were in 
the range of those measured during the symptomatic 
phases of intravenous infusions of prostaglandins, it is 
certainly possible that the peripheral hyperprosta- 
glandinemia was responsible for the observed diarrhea. 
This study was undertaken to evaluate the peripheral 
concentrations of prostaglandins in a large number of 
patients with non-endocrine as well as endocrine 
diarrheagenic syndromes. Since infusions of PGE can 
reproduce the symptoms of the WDHA (watery diarrhea, 
hypokalemia, achlorhydria) syndrome,” including 
diarrhea,”-4° hypochorhydria,® fiushing? and hyper- 
calcemia,!? 21 patients with this syndrome were studied; 
peripheral and tissue levels of PGE, PGF, gastrin, and 
vasoactive intestinal polypeptide (VIP; 62) were meas- 
ured. The results of this study document that carcinoid 
tumors, medullary carcinomas of the thyroid, and some 
cases of the WDHA syndrome are associated with 
circulating hyperprostaglandinemia and validate the 
diagnostic usefulness of measurements of PGE in patients 
with unexplained diarrhea. 


Methods and Materials 


Peripheral plasma/serum samples were collected from 
a total of 91 patients with endocrine diarrheagenic syn- 
dromes, from 28 patients with non-endocrine diarrheas 
(NED) and from 21 normal controls. The patients with 
endocrinopathies included 21 with the WDHA syndrome, 
29 with Zollinger-Ellison (Z-E) syndrome, 22 with 
carcinoid tumors, and 19 with medullary carcinomas of 
the thyroid (MCT). The age and sex distributions of 
the patients are listed in Table 1. 

Samples from all the normal controls and the patients 
with nonendocrine diarrheas as well as 28 of.the 91 pa- 
tients with endocrine diarrheagenic syndromes were 
collected from the inpatient and outpatient services of 
the Washington University Medical Center. The remain- 
ing samples were assimilated with the cooperation of a 
number of investigators. Plasma samples (or serum in 19 
instances) were kept frozen at —20? until they were 
processed. 

Concentrations of PGE, PGF, and gastrin were 
measured in each of the peripheral plasma/serum 
samples. The prostaglandins were extracted using a 
neutral organic solvent system and then chromat- 
ographed on silicic acid columns to separate the major 
groups of prostaglandins.?^?5 Concentrations of PGE 
and PGF were measured using independent, specific, 
homologous radioimmunoassay systems.?* Tissue con- 
centrations of PGE and PGF were also measured in 5 
non-beta islet cell tumors, in biopsy specimens from a 
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TABLE 1. Age and Sex Distribution of Patients 


Age 
Number of Male/Female 
Syndrome patients ratio Mean ange 
WDHA 21 10:11 51.8 30—74 
Z-E 29 14:15 47.5 15-75 
Carcinoid 22 9:13 53.2 22—72 
MCT 19 10:9 42.2 15—67 
NED 28 14:14 35.0 16—65 
Normal controls 21 10:11 32.2 18—65 


human pancreas with islet cell hyperplasia and in 2 normal 
canine pancreas. The prostaglandins were extracted from 
homogenized tissues?? and then processed as above. 

Concentrations of gastrin were measured by radio- ` 
immunoassay using a modification of the technique of 
McGuigan.?949 Initial determinations were made using 
the double antibody technique to separate antibody- 
bound from free !?5I-gastrin; recently the ion-exchange 
resin described by Yalow and Berson?9? has been 
substituted. Fourteen of the 136 gastrin measurements 
were performed by other investigators using identical 
techniques. 


Results 


Average circulating PGE and PGF as well as gastrin 
levels for each of the 6 groups of patients are listed in 
Table 2. 

Normal Controls. None of the healthy controls had a 
history of diarrhea. The population included 10 labora- 
tory volunteers and 11 patients hospitalized for unrelated 
medical ilInesses. 

Plasma PGE concentrations averaged 272 + 17 pg/ml 
(mean + S.E.M.). Using two standard deviations to es- 
tablish 95% confidence limits, the normal PGE levels 
ranged from 356—488 pg/ml. There was no specific 
sex difference; plasma PGE levels averaged 278 pg/ml in. 
men and 267 pg/ml in women. 

The normal range of plasma PGF concentratiors was 
similarly established as 10—240 pg/r&l (10 pg/ml is the 
lowest concentration which can be reliably measured 
using the PGF radioimmunoassay). For the entire group 
of 21 patients, PGF levels averaged 119 + 14 pg/ml; 


TABLE 2. Mean Prostaglandin and Gastrin Level (pg/m!) 


Syndrome Gastrin PGE PGF 
WDHA 240 + 111 993 + 490 . 228 + 59 
Z-E 6127 + 3267 388 + 32 129 + 31 
Carcinoid 42+ 6 1367 + 243 140 + 34 
MCT 70+ 18 1922 + 541 159 + 24 
Controls 

NED 4] + 7 353 9- 25 77 + 37 

Normal 64+ 23 272 + 18 119 + 14 
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TABLE 3. Non-Endocrine Diarrhea 


Number of PGE PGF 
Diagnosis patients (pg/ml) (pg/ml) 
Ulcerative colitis 7 358 + 50 104 + 16 
Crohn’s disease 9 337 + 61 79 = 12 
Jejunoileal bypass 6 335 + 16 57+ 6 
Miscellaneous 7 382 + 56 74 + 16 


levels in men (143 + 20) and in women (96 + 16) were 
not statistically different. 

Mean gastrin levels, 64 + 23 pg/ml, were similar to 
those previously reported?*4”. The upper limit of normal 
in our laboratory is 150 pg/ml. 

Non-Endocrine Diarrheas . The majority of the patients 
in this group had inflammatory bowel disease (Table 3). 

The mean PGE levels for the entire group, 353 + 25 
pg/ml, as well as those for patients with ulcerative 
colitis, Crohn’s disease, and jejunoileal bypass (Table 3) 
were similar to those of the controls. Only 3 patients 
(10%) had elevated PGE levels, and these eleva- 
tions were all marginal. Gastrin levels in the NED group 
were likewise not significantly different from those of the 
normal controls; furthermore, broken down by diagnosis, 
there were no differences in plasma concentrations of 
gastrin. In contrast, plasma PGF levels in the NED 
group were significantly (P < 0.01) /ower than those of the 
control group. This observation is based on significant 
depressions among patients with jejunoileal bypass (P 
< 0.001) and Crohn’s disease (P < 0.02). 

Zollinger-Ellison Syndrome. Of 29 patients with Z-E 
syndrome studied, 11 had significant diarrhea. This 
incidence, 38%, is similar to that previously reported .3%-69 
Gastrin levels were elevated in all 29 patients. The mean 
gastrin level for the entire group, 6127 + 3267 pg/ml, 
was significantly higher than that of the control group. 
Circulating concentrations of gastrin in the 11 patients with 
* diarrhea (14245 + 8572 pg/ml) were higher than those in 
the 18 patients in whom diarrhea was not a major 
symptom (1278 + 407 pg/ml) but this difference was not 
significant. z 

Peripheral concentrations of PGE and PGF, 388 + 32 
and 129 + 31 pg/ml, respectively, were not significantly 
different from control values. Among patients with 
diarrhea these values, 407 + 50 and 146 + 64 pg/ml, 
were similar to those of their clinical counterparts with- 
out diarrhea (376 + 43and 118 + 32 pg/ml, respectively). 

Five of the 29 patients had elevated plasma levels 
of PGE; of these 5, only 2 determinations were above 
550 pg/ml. Similarly, 5 patients had elevted circulating 
concentrations of PGF, but 4 of these values were 
above 300 pg/ml. 

There was no significant correlation between levels of 
gastrin and those of the prostaglandins. The 12 patients 
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whose plasma gastrin levels exceeded 1000 pg/ml had 
mean PGE and PGF levels of 426 and 172 pg/ml 
respectively; comparable data for patients whose gastrin _ 
levels were less than 1000 pg/ml were 361 and 98 pg/ml. 
These differences were not significant. 

Carcinoid Tumors. Twenty of the 22 patients in 
this group had diarrhea. The mean peripheral PGE 
level, 1367 + 245 pg/ml, was significantly greater 
(P < 0.001) than that of the control group. This 
hyperprostaglandinemia was quite consistent. Only 4 pa- 
tients had normal circulating concentrations of PGE, but 
3 patients had diarrhea despite normal peripheral con- 
centrations of PGE. 

Twenty patients had specific indole parameters of 
carcinoid syndrome measured. Urinary excretion of 5 
hydroxyindole acetic acid (5 HIAA) was measured by the 
clinical laboratory. For 18 patients, urinary 5 HIAA 
averaged 66.8 + 16.7 mg/day (normal 0-9 mg/day). 
Peripheral blood concentrations of serotonin were meas- 
ured using either spectrophotofluorometry” or by means 
of a radioimmunoassay developed in our laboratory.*! For 
16 patients, peripheral serotonin levels averaged 1655 
+ 604 ng/ml of whole blood (normal 0-325 ng/ml). 
There was no correlation between circulating concentra- 
tions of prostaglandins and indole secretion by the tumor 
as measured by either urinary 5 HIAA or by blood 
serotonin levels. In 14 patients whose urinary secre- 
tions of 5 HIAA exceeded 20 mg/day (twice the upper 
limits of normal), mean PGE values averaged 1143 + 395 
pg/ml; in 10 patients whose serotonin levels were elevated 


to twice normal (650 ng/ml), mean plasma concentra- . 


tions of PGE were 1293 + 285 pg/ml. 

Mean PGF and gastrin levels, 140 + 34 and 42 + 6 
pg/ml, respectively, were not significantly different from 
those of the control group. Only 4 PGF determinations 


were abnormal, whereas there were no elevations in © 


plasma gastrin recorded. 
Medullary Carcinoma of the Thyroid. Plasma con- 
centrations of PGE were elevated in 18 of 19 patients. 


The mean level for the entire group, 1922 + 541 pg/ml, 


was significantly elevated (P « 0.001). 

Eight of 19 patients had diarrhea. This incidence, 
42%, is consistent with previous reports.?©7! Plasma 
concentrations of PGE in the patients with diarrhea 
averaged 2372 + 1261 pg/ml, whereas PGE levels in pa- 
tients without diarrhea averaged 1596 + 275 pg/ml. 
Despite the trend for higher PGE levels of patients with 
diarrhea, this difference was not statistically significant. 
Furthermore, the only normal plasma PGE level occurred 
in a patient with diarrhea. 

Circulating concentrations of thyrocalcitonin were 
measured by radioimmunoassay!^"?? in 17 patients. These 
determinations were performed by Doctors F. Singer at 
the University of Southern California (11 patients) and J. 
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Haddad, Washington Universitv, and G. Sizemore, 
Mayo Clinic (3 patients each). Compared to the upper 
limit of normal of 0.25 ng/ml, the mean plasma 
thyrocalcitonin level for the 17 patients was 24.5 + 6.3 
ng/ml. There appeared to be some correlation between 
plasma levels of thyrocalcitonin and of PGE. In 9 
patients with markedly elevated calcitonin levels (20 
ng/ml), plasma concentrations of PGE averaged 2537 
+ 975 pg/ml, whereas in 8 patients with calcitonin levels 
ranging from 0.6—20 ng/ml, PGE levels averaged 1403 
+ 349 pg/ml (P > 0.05). 

For the 19 patients, plasma PGF levels averaged 
195 + 24 pg/ml. Only 2 patients had abnormal deter- 
minations. There was no apparent correlation between 
plasma levels of PGF and either diarrhea or peripheral 
concentrations of calcitonin. 

In contrast to the suggestion of Sizemore and as- 
sociates,"? plasma gastrin levels in the 19 patients were 
not abnormally low. The mean level, 70 + 18 pg/ml, 
was almost identical to that of the normal control 
group (64 + 23 pg/ml). 

WDHA Syndrome. Pertinent clinical and laboratory 
data on 21 patients with the WDHA syndrome are 
listed in Table 4. Fourteen patients had histologic 
documentation of the diagnosis; 9 patients had non-beta 
islet cell tumors, 2 had adrenal tumors and 3 had islet cell 
hyperplasia. In the remaining 7 patients, the diagnosis was 
based predominently on clinical grounds including at least 
watery diarrhea, hypokalemia, and hypochlorhydria. 
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Plasma levels of immunoreactive VIP were measured 
in 17 patients. The determinations were performed 
by Doctors S. Said, Texas Southwestern Medical 
School: and S. Bloom, Hammersmith Hospital.’ 
Thirteen of 17 patients had elevated levels of immuno- 
reactive VIP (levels of VIP in excess of 50 pg/ml 
were considered elevated). The mean circulating con- 
centration of VIP was 8133 pg/ml. Tumors from patients 
2, 6, 9 and 10 contained enormous amounts of VIP 
(Table 5). 

The mean circulating gastrin level, 240 + 111 pg/ml was 
not statistically different from that of the normal control 
group. Plasma gastrin concentrations were elevated in 4 
patients (patients 1, 8, 9, 15), none of whom were 
hyperchlorhydric. Gastrin concentrations in 2 tumors: 
were within normal limits. 

A number of additional hormone determinations were 
also performed. Secretin levels measured in 3 patients 
were normal (patient 2: 0.28 mU/ml," patient 3: - 
normal and patient 4: 7 pg/ml. Two patients had 
normal determinations of gastrin inhibitory polypep- 
tide? performed by Dr. J. Brown (patient 8: 270 pg/ml; 
patient 19: 440 pg/ml). Dr. S. Bloom performed meas- 
urements of glucagon’ and enteroglucagon® in 2 patients. 
These values were all normal (patient 4: glucagon 83 
pg/ml and enteroglucagon 135 fmol/ml; patient 18: 
glucagon 270 pg/ml and enteroglucagon 9 fmol/ml). 

Eight patients had elevated circulating levels of PGE. 
In three (patients 2, 6, 20), the elevations were marginal, 


TABLE 4. Clinical and Laboratory Data in 21 Patients with the WDHA Syndrome* 


VIP Gastrin PGE . PGE 

Patient Age, Sex Operative findings Sample (pg/ml) (pg/ml) (pg/ml) (pg/ml) 
I. R.K. 42, M Islet cell hyperplasia Plasma 40001 215 164 43 
2, C; K. 74, M Non-beta islet cell tumor, body of pancreas Serum 200 —5001 30 523 337 
3. R. G. 50, M Non-beta islet cell tumor Plasma 20,0004 Normal 116 26 
4. R. R. 50, M Non-beta islet cell tumor Plasma 600% 137 354 34 

S RC. —, F Right adrenal pheochromocytoma Serum 80,0001 50 — — 

6. R. G. 34, M Non-beta islet cell tumor, tail of pancreas Plasma 50001 80 525 369 
7. 1. D. 65, F Pancreatic islet cell tumor Serum 281t 50 94 213 
8. C. McC. 45, F Islet cell hyperplasia Serum 51 400-60@ 91 733 
9. L. W. 50, F Islet cell nyperplasia Plasma 3700 + 49001 500 —700 245 279 
10. D. S 30, M Ganglioneuroblastoma, left adrenal Serum 2900 + 33001 33 270 287 
ll. H.T 50, F Non-beta islet cell tumor Plasma «:100f 23 1471 13 
12. F. C 52, F Non-beta islet cell tumor Plasma 4000 + 90001 32 1589 139 
13. 1.4 m M Non-beta islet cell tumor Serum 55 9939 1070 
Metastatic islet cell carcinoma Serum 10 1063 1320 
14. A. D. 52, F Non-beta islet cell tumor Plasma 5800F — 129 48 
15. E. H. 63, M Serum Very hight 1650 59 119 
16. J. M. 62, M Serum — — 707 36 

17. I. K. 50, F Serum — — 2440 103 _ 
18. M. D. 40, F Plasma 83i Normal 259 101 
19. D. S. 60, F Serum 174 — 156 280 
20. A. J. 63, M Plasma < 1007 9] 504 10 
21. U.J. — F Serum — 47 215 326 


* Italicized values are elevated. 
1 Performed by Dr. S. Said. 
+ Performed by Dr. S. Bloom. 
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TABLE 5. Tissue Concentrations of Prostaglandins, Gastrin, 
and VIP* in 6 Patients with the WDHA Syndrome 


VIP Gastrin PGE PGF 
Patient Sample (ng/gm) (ng/gm) (ng/gm)  (ng/gm) 
]. C.K. Tumor 41001 46 0.8 — 
2» (REC. Tumor — — 12.6 20.9 
3. P.G. Tumor 10001 — 1.6 0.5 
4. L.-W. Pancreas 90 + 1007 — 12.6 8.4 
5. D. S. Tumor 400% 0.4 27.1 12.0 
6. T. J. Tumor — — 2.2 3.8 


* Italicized values are abnormal. 
t Performed by Dr. S. Said. 
i Performed by Dr. S. Bloom. 


"but in the remaining five (patients 11, 12, 13, 16 and 17) 
significant elevations were recorded. All 5 of these pa- 
tients who had histologic confirmation had pancreatic 
islet cell tumors. Sixteen patients had VIP as well as 
PGE determinations; 3 of them had simultaneous eleva- 
tions of both compounds, whereas 2 patients (pa- 
tients 11 and 20) had hyperprostaglandinemia associated 
with normal plasma VIP concentrations. In 4 patients, 
plasma levels of PGE were also measured following 
resection of tumors. In 3, they were unchanged from 
the preoperative determinations (mean: preop 346 pg/ml; 

. postop 435 pg/ml). The fourth patient (patient 13) had a 
preoperative serum PGE concentration of 9939 pg/ml. 
Two weeks following resection of a pancreatic islet cell 
tumor, the patient was asymptomatic and his peripheral 
PGE level had fallen to 464 pg/ml. Eight months later, 
symptoms recurred and at this time his serum con- 
centration of PGE was 1063 pg/ml. Extirpation of a 
metastasis from the left hepatic lobe once again re- 
sulted in abolition of the diarrhea and a fall in the PGE 
Jevel to normal (246 pg/ml). 


Tissue levels of PGE were measured in 5 islet cell . 


tumors and in one biopsy specimen of the pancreas with 
islet cell hyperplasia (Table 5). There was a wide 
spread in concentrations, ranging from 0.8—27.1 ng/gm 
and averaging 9.5 ng/gm. These values were not sig- 
nificantly different from the concentrations of PGE meas- 
ured in four biopsy specimens of 2 normal canine 
pancreas (7.5 + 2.5 ng/gm). 

Circulating concentrations of PGF were marginally 
elevated in six and significantly elevated in.two patients 
(Table 4). Patient 13 had elevated serum PGF levels 
during both symptomatic phases of his illness. Follow- 

_ ing resection of the primary tumor, his serum PGF level 
fell to 147 .pg; two weeks after extirpation of the liver 
metastasis, his circulating PGF level remained elevated 
at 764 pg/ml. There is no postoperative PGF determina- 
tion for patient 8. As for PGE, tissue concentrations 
of PGF varied over a broad range and were not 
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significantly different from the concentration in normal 
canine pancreas (8.6 + 2.6 ng/gm). 


Discussion 


Although this study has demonstrated that a number of 
patients with endocrine diarrheagenic syndromes have 
elevated peripheral levels of PGE, it has not completely 
elucidated the role of prostaglandins in these syndromes. 
However, the data did allow a number of conclusions 
to be drawn. Hyperprostaglandinemia did not appear to 
be a non-specific result of diarrhea per se and was not 
noted in patients with non-endocrine diarrhea. The nor- 
mal peripheral levels of PGE in patients with the 
Zollinger-Ellison syndrome implied that hyperprosta- 
glandinemia was not a characteristic feature of endocrine 
diarrhea, that is diarrhea due to hypersecretion of 
one specific hormone. Superficially, this suggested that 
the elevated peripheral levels of PGE observed in pa- 
tients with the carcinoid and WDHA syndromes and 
medullary carcinomas of the thyroid were related to the 
associated diarrhea. On closer inspection it was clear 
that even among patients with these clinical entities, 
diarrhea occasionally occurred in association with normal 
prostaglandin levels. Whereas patients with medullary 
carcinomas of the thyroid and diarrhea had a higher 
mean plasma PGE level that those. with normal bowel 
habits, this difference was not significant. These ob- 
servations eliminated PGE as the sole etiologic agent 
in these endocrine diarrheagenic syndromes. In order to 
further assess the role of PGE, it is appropriate to 
discuss the etiology of each of these syndromes. 

Medullary carcinoma of the thyroid is a neoplasm of the 
C or parafollicular cells of neural crest origin,?? the 
source of thyrocalcitonin in the normal thyroid.” A 
number of studies have demonstrated high concentra- | 
tions of calcitonin in the plasma, urine, and tissue 
from patients with MCT.??7?3?9 Gray and associates? 
demonstrated that infusions of calcitonin caused jejunal 
secretion of water and electrolytes. However, there is no 
evidence that thyrocalcitonin affects intestinal motility. 
Since both Bernier and colleagues? and Hill and associ- 
ates*® demonstrated that patients with MCT also had 
rapid intestinal transit times, it is likely that at least 
one other compound is involved. Serotonin has been 
implicated by a number of studies. Moertel and as- 
sociates** described the presentation of MCT as the 
classical carcinoid syndrome in a patient with elevated 
urinary levels of 5 HIAA and blood and tumor con- 
centrations of serotonin. Williams reported an increased 
urinary excretion of 5 HIAA in one patient with 
diarrhea and MCT*?'; in the study of Steinfeld and 
associates"! 2 of 5 such patients had increased indole > 
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excretion, whereas both of Kaplan's?? patients had normal 
urinary 5 HIAA. It is plausible that tumor-secreted PGE 
plays a similar role in some patients with MCT, mediat- 
ing the motility abnormality in association with thyro- 
calcitonin. Our data are consistent with this possibility; 
mean plasma concentrations of PGE were higher in pa- 
tients with diarrhea and in those with markedly elevated 
plasma thyrocalcitonin levels. 

Shortly after the description of the carcinoid syn- 
drome, high concentrations of serotonin were described 
in the carcinoid tumors and their metastases.?^:*3 
Peripheral hyperserotonemia?? and increased urinary 
excretion of 5 HIAA? have also been consistent features. 
It has been clearly demonstrated that serotonin in- 
creases intestinal tone and motility,? presumably by 
reducing the intramural pressure threshhold necessary to 
elicit peristalsis.? There is considerable evidence that 
serotonin is at least partially responsible for the diarrhea 
in patients with the carcinoid syndrome. The diarrhea 
is accentuated by the administration of monoamine 
oxidase inhibitors?’ and ameliorated by treatment with 
serotonin antagonists.*? In addition to serotonin however, 
other humoral agents may be involved. Bradykinin has 
been strongly implicated in the mediation of the carcinoid 
flush*5®; bradykinin has also been shown to cause 
contraction of the ileum and colon. A number of in- 
vestigators have demonstrated elevated levels of thyro- 
calcitonin in patients with carcinoid tumors* 91; as 
mentioned above, thyrocalcitonin can induce diarrhea by 
inhibiting the intestinal absorbtion of water and electro- 
lytes.? Although it is clearly not the sole agent, PGE 
may also be involved in the etiology of diarrhea. Recent 
experience with a specific case illustrates this possibility. 
Dr. S., a 63-year-old man, had flushing and diarrhea 
secondary to a huge ileal carcinoid. Preoperatively, 
his immunoreactive serotonin and PGE levels were ele- 
vated (1170 ng/ml and 568 pg/ml, respectively). Resec- 
tion of the primary tumor with the regional nodes re- 
sulted in abolition of the flushing but did not relieve 
the diarrhea; the postoperative serotonin level was normal 
(72 ng/ml) but the plasma concentration of PGE re- 
mained elevated (1264 pg/ml). 

The humoral mediator of the diarrhea in the WOHA 
syndrome is less clear. A number of compounds have 
been suggested, including gastrin-glucagon? and 
secretin.9979 Although gastrin levels have been shown 
to be elevated in some patients with the WDHA syn- 
drome, this is apparently due to the elevation in 
intragastric pH produced by the gastric secretory in- 
hibitor. Glucagon inhibits gastric acid secretion, 95? and 
produces hyperglycemia, but it also produces hypo- 
calcemia.® Although at least one study has demonstrated 
an elevated immunoreactive secretin concentration in a 
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patient with: WDHA syndrome,9' most studies have re- 
ported normal basal and secretin-stimulated pancreatic 
secretion,/?59? suggesting that secretin usually does not 
mediate the diarrhea. In this study, immunoreactive 
secretin levels were normal in all three patients in 
whom the determinations were made. Elevated peripheral 
serotonin levels have also been described in patients 
with this syndrome.® Finally, a number of recent 
studies have reported increased plasma and tumor levels 
of VIP in patients with the WDHA syndrome.?:16.59,64,67,68 
The spectrum of action of this peptide can explain all 
the pathophysiologic abnormalities in patients with this 
syndrome.® Despite the apparent frequency with which 
VIP has been implicated, the data in this report and that 
of Ebeid and co-workers imply that the syndrome 
occurs in some patients with normal peripheral levels of 
VIP. From this discussion it is clear that a number of © 
humoral agents are involved in the etiology of WDHA 
syndrome. 

As stated above, infusion of PGE compounds can 
simulate the symptoms and signs of the WDHA syn- 
drome, and consequently should be considered in its 
etiology. This study has demonstrated that 8 of 21 patients 
had elevated peripheral levels of PGE; in 2 patients, 
the hyperprostaglandinemia was associated with normal 
levels of VIP. In patient 13, the diarrhea correlated 
temporally with pronounced elevations in PGE activity; 
following the resection of first the primary lesion and 
subsequently, a solitary hepatic metastasis, peripheral 
concentrations of PGE returned to normal. It thus ap- 
pears that prostaglandins may be implicated, at least in 
some patients. Several patients with the WDHA syn- 
drome have been treated with indomethacin,?? a potent 
inhibitor of prostaglandin biosynthesis.’® Although this 
therapy did not relieve the diarrhea in any of the treated 
patients, this failure cannot be used as evidence against 
the role of prostaglandins, as suppression of PGE syn- 
thesis was not documented. Finally, the ‘‘normal’’ tumor 
levels of PGE require some explanation. Because of the 
rapid metabolism of PGE, elevated peripheral PGE levels 
can best be explained by a continual release of prosta- 
glandins from tissues, and hence elevated tissue levels of 
PGE. This has been verified in the case of ischemia, 95:99 
and in animal tumor models.??7* On the other hand, 
we have consistently found that in vitro, growing tumor 
cells release more than 90% of the PGE synthesized 
into the medium and that intracellular concentrations of 
PGE are very low??75 in mam, the in vivo situation - 
may be similar. Another possibility is that the control 
utilized, canine pancreas, was not appropriate, since 
there is considerable variation from species to species. 
The final possible explanation is that the tumor tissue 
is not the immediate source of PGE. In response to a 
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specific humoral stimulus, the 


synthesized in an effector organ like the gut, where 
they may cause smooth muscle contraction, secretion 


of water and electrolytes, and the other manifestations 


of the WDHA syndrome. 
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DISCUSSION 


- Dr. STANLEY R. FRIESEN (Kansas City, Kansas): Drs. Jaffe and 
Condon studied 140 patients, and collaborated with leading endo- 
crinologists in the world. They presented findings which seem quite 
convincing that the prostaglandins are somehow related to the endo- 
crine tumors, particularly those that present with diabetes as a 
prominent clinical feature, particularly in the APUD system. But the 
role of the prostaglandins is not at all clear. 

There's no question that the level of the prostaglandins in the blood 
or plasma is elevated with medullary carcinoma of the thyroid and with 
carcinoid syndrome in some cases of the VIP elaboration in the 
watery diarrhea syndrome, but the correlation in the manuscript 
of the levels of prostaglandin in the blood did not correlate all 
that well with the levels of the polypeptide hormones in the blood, 
nor does it correlate well with the presence or absence of diarrhea. 

Furthermore, the correlation of the increased level of prostaglandins 
in the blood does correlate with tumor, rather than hyperplasia. 

The content of Prostaglandin E in the tumor of these patients 
was not elevated, which suggests that the tumor is either secreting 
. prostaglandin as fast as it makes it, or the tumor has nothing to do with 
prostaglandin. So I'm suggesting that perhaps the elevated prostaglandin 
levels in the plasma are more interrelated to the target cell than the 
tumor cell; that perhaps the elevated prostaglandins in the blood are 
related to the intestinal cell, because it’s also known that when the 
prostaglandins are elevated in the blood, there is an increased target 
cell activity of cyclic AMP, just as there is when VIP (vasoactive 
intestinal peptide) is elevated in the blood, and just as there is with 
cholera toxin ingestion. 

This activation of the target cell with prostaglandin, cholera toxin, 
and VIP may suggest that the target cell is being stimulated to 
overactivity. 

So there may be tumor stimulation of prostaglandin release or the 
target cell from somewhere, and maybe in association with the poly- 
peptides, just like bradykinin is stimulated to be increased in the 
carcinoid syndrome, when serotonin is elevated. 

Since the prostaglandins are found primarily in the seminal fluid 
in the reproductive system, perhaps elevations of prostaglandin have 
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something to do with cell growth or cell replication. I'd like to ask if 
prostaglandins tend to either inhibit or stimulate tumor growth, and how 
they are involved in these syndromes. 


DR. BERNARD M. JAFFE (Closing discussion): We have concerned 
ourselves both in the discussion here on the floor, as well as in the 
manuscript, with the relationship between the prostaglandins and the 
peptide hormones. Although this relationship has not been completely 
clarified, there are some comments that can be made. I think it is 
quite clear and convincing that prostaglandins do not mediate the ef- 
fect of any of the hormones that are liberated. The effects of VIP 
and other compounds which stimulate cyclic AMP cannot be abolished 
with inhibitors of prostaglandin action or synthesis. Prostaglandins 
are not merely mediators. On the other hand, there is serious ques- 
tion as to whether or not prostaglandins are made by the tumor directly, 
or whether they may stimulate (as Dr. Friesen suggested) the target 
cell. We did measure tumor concentrations of prostaglandins in a number 
of these patients. The tumor concentrations were not high. This is not 
terribly surprising. There are a number of syndromes which have been 
clearly associated with high circulating levels of prostaglandins and 
in which tumor concentrations of prostaglandins are not abnormally 
high. The tumors make prostaglandins which are liberated so rapidly 
from the tumor tissue itself that it is impossible to measure identifiable 
elevations in tumor prostaglandin concentrations. 


As Dr. Friesen suggested, the patients who had elevated levels of . 


prostaglandins all had tumors rather than hyperplasia. Dr. Friesen's 
question about replication is an important one and we have studied the 
possibility that prostaglandins may actually be involved in the control 
of tumor growth. To date, our experiments have demonstrated that 
prostaglandins slow tumor growth and that alterations in concentrations 
of prostaglandins by a number of chemical modalities result in altera- 
tions in growth rate. The current thinking is that prostaglandins may 
be involved in the feedback control of tumor growth so that the 
prostaglandins are elaborated in higher concentrations by tumors in an 
attempt to slow their own growth. Dr. Friesen’s comments point 
out that there are a large number of questions that need to be answered. 
We agree with this possibility and we plan to study them and 
hopefully answer some of these questions. 


~ 


Observations on the Postoperative Tumor Growth Behavior 


of Certain Islet Cell Tumors | 


ROBERT M. ZOLLINGER, M.D., EDWARD W. MARTIN, JR., M.D., LARRY C. CAREY, M.D., 


Over a period of 21 years 39 patients with gastrinoma were 
surgically treated. Thirty-three patients had total gastrectomy 
with two postoperative deaths, and 6 patients had a lesser pro- 
cedure. The postoperative fasting gastrin levels remained elevated 
and did not always indicate the extent of tumor involvement. 
Further mobilization of tumor gastrin by provocative infusion 
of calcium gluceptate, 15 mg/kg of body weight, should be carried 
out routinely. A hepatic angiogram should be considered when the 
gastrin levels exceed 1,000 picograms per ml. Chemotherapy 
consisting of Tubercidin, Streptozotocin and 5-Fluorouracil was 
given to 5 patients with extensive gastrinoma. All patients felt 
better and gained from three to 35 pounds in weight. Since 60% 
of the patients died or have definite evidence of tumor activity 
it is assumed that the tumor growth was not inhibited and that it is 
malignant. Approximately 40% of the patients seem to do well 
despite modest elevations in gastrin levels suggesting that the 
retained tumor could be considered benign. 


T HAS BEEN 2] years since certain islet cell tumors of 

the pancreas were accused of producing a potent 
gastric secretagogue responsible for a fulminating ulcer 
diathesis.'4 In the two decades since recognition of the 
syndrome, the secretagogue has been identified as gastrin, 
and total gastrectomy has been recognized as the best 
treatment in the majority of cases. It has been postulated 
that removal of the stomach may inhibit the growth of 
the retained tumor as well as hepatic metastases in some 
patients.? However, bizarre growth behavior of residual 
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tumor with its effect on survival remains of considerable 
clinical interest. In an effort to evaluate the post- 
surgical growth behavior of these tumors, we undertook 
a study of 39 cases of gastrinoma. 

Of 39 cases of gastrinoma treated, 33 had total 
gastrectomy with two postoperative deaths. Two of these 
patients committed suicide; one at three months and one. 
at four and one-half years after total gastrectomy. For a 
variety of reasons 6 of the 39 patients had a lesser surgical 
procedure than total gastrectomy. These procedures in- 
cluded vagotomy and gastroenterostomy with left hemi- 
pancreatectomy; vagotomy and antrectomy; vagotomy ` 
and pyloroplasty; local excision of a small duodenal 
adenoma with vagotomy and pyloroplasty; local excision 
of a sizeable solitary adenoma; and left hemipancre- 
atectomy, bilateral adrenalectomy, and ligation of the 
left gastric artery, and subsequent parathyroidectomy. 

In all except three of the 39 patients microscopic 
proof of tumor was established by biopsy. Two of these 
three patients had total gastrectomy and the other had 
vagotomy and antrectomy. All three of these patients 
have had over the years persistent postoperative gastrin 
elevations ranging from 500 to 8900 picograms per ml 
(Pgm/ml) indicating presence of an active gastrin- 
producing tumor. 

Study procedures included evaluation of the diag- 
nostic value of fasting and stimulated gastrin levels, use of 
angiography, consideration of the effectiveness of chemo- 
therapeutic agents and a study of survival in this group 
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Fic. 1. All postoperative fasting gastrin levels except one, exceeded 
the normals of 150 pg/ml, as indicated by the dotted line. 


of patients. Chemotherapy was initiated when liver 
" metastases were proved or systemic symptoms of tumor 
activity were observed. Survival data were analyzed 
in an effort to substantiate the clinical impression that 
while some patients do well after total gastrectomy the 
majority eventually become worse. Patients were hos- 
pitalized i in the Clinical Research Unit of the University 
Hospital, Ohio State University Medical Center. Time 
elapsed after operation varied, of course. 

In the 26 patients studied since technic for measur- 
ing fasting gastrin levels became available, it was dis- 
turbing to.find that in all but one patient the gastrin 
level was above our laboratory normal range of 150 
Pgm/ml gastrin. These findings differed from observations 
on some of the same patients previously reported in 1973, 
undoubtedly due to improved technic in the performance 
of the gastrin radio-immunoassay.? 

The patients fell into three groups differentiated by the 
range of their fasting gastrin levels (Fig. 1). 

In 27% of the patients the fasting gastrin levels ranged 
between 100 and 500 Pgm/ml of gastrin. Another 2796 
had gastrin levels varying between 500 and 1,000 Pgm/ml 
of gastrin. The largest group, 46% of the patients, had 
gastrin levels from 1,000 Pgm/ml to much higher levels. 
' These findings suggested the presence of active gastrin- 
producing tumors, even in many patients who appeared 
to liave been perfectly well for many years following 
surgery. À gastrin level of 1,000 Pgm/ml or above was 
considered to be highly indicative of tumor activity and 
possible hepatic metastases. 

- In an effort to determine the most consistent and ef- 
fective screening test for ferreting out postoperative 
tumor progression, 24 patients had infusions of calcium 
gluceptate as advocated by Passaro.’ Fifteen of the 
patients who had had total gastrectomy had three 
provocative infusion tests including Jorpes secretin,*H 
magnesium sulfate,” and calcium gluceptate. The aver- 
age maximum response to these three provocative tests 
is shown in Fig. 2. One clinical unit of Jorpes secretin 
per kg of body weight given over a period of one hour 
produced prompt elevation of gastrin. Magnesium sulfate 


ZOLLINGER AND OTHERS ` 


Ann. Surg. e October 1976 
t 


given in a dosage of 1.6 milliequivalents per kg of 
body weight over a period of 4 hours stimulated a higher 


gastrin level than secretin. Fifteen milliequivalents of- 


calcium gluceptate per kg of body weight produced the 
most pronounced gastrin elevations in the majority of pa- 
tients. The magnesium sulfate infusions tended to make 
the patients more uncomfortable than did the other in- 
fusion tests. 

The fasting gastrin level was doubled by calcium 
gluceptate infusion in 86% of the patients, by magnesium 
sulfate in 50%, and by secretin in 21%, A gastrin 
response two and one-half times the fasting level occurred 
in 50% of patients following the calcium infusion, in 15% 
following magnesium sulfate, and only in 7% after secretin 
infusion. However, secretin did on occasion show a 
dramatic elevation in gastrin in the presence of proved 
hepatic metastases. In one patient with extensive hepatic 
metastases gastrin levels were singularly elevated to 
40,000 Pgm/ml of gastrin following the secretin infusion 


and again a year later the secretin response remained. 


much higher than that following infusion of magnesium 
sulfate or calcium gluceptate. 

We agree with others that the calcium gluceptate 
infusion over a period of 4 hours with hourly determina- 
tions of serum calcium and gastrin levels produces the 
most consistent and dramatic elevations. The only 
deterrant to its use might be in the presence of a fasting 
hypercalcemia associated with hyperparathyroidism or in 
cardiac patients when further elevations in serum 
calcium levels would be undesirable. Since the serum 
calcium levels were found to be minimally altered by 
secretin? and definitely depressed by magnesium sulfate, 
either of these two infusions should be substituted in 
the presence of hypercalcemia. 


An interesting finding worthy of further speculation. 


was elevation of the bone isoenzyme in 13 of 14 pa- 
tients from fractionization of the alkaline phosphatase. 
In only 4 of these patients was the liver isoenzyme 
level also elevated. 

The provocative calcium infusion studies in 24 pa- 
tients proved the unreliability of fasting gastrin levels as an 
index of postoperative tumor activity, especially when 
such levels are below 500-Pgm/ml (Fig. 3). Six of the 7 pa- 
tients with a fasting gastrin of less than 500 Pgm had 
levels above 500 Pgm following the calcium gluceptate 
infusion, suggesting persistent tumor activity. Only one 
(4%) did not exceed 500 Pgm following the calcium 
infusion challenge, but the fasting level of 100 Pgm/ml 
of gastrin was more than tripled. This patient had had 
only local excision of a 6 x 4 X 3 cm solitary tumor 
approximately 9 years previously. In 8 patients (30%) 
gastrin levels were between 500 and 1,000 Pgm/ml, and in 


15 patients (66%) gastrin level was above 1,000 Pgm/ml. | 
In the latter group, hepatic metastases should be strongly 
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suspected. Eight of these patients (5396) had proved 
hepatic metastases and three died. Hepatic angiogram 


. was negative in the remaining 4 patients. Hepatic 


angiography is indicated when either the fasting or 
postprovocative infusion gastrin levels exceed 1,000 
Pgm/ml. 

During the past year chemotherapy has been given to 
all patients with hepatic metastases are verified or there is 
strong clinical evidence of increased tumor activity. 
Five of our patients on chemotherapy had had total 
gastrectomy, and one had had vagotomy and pyloroplasty. 

Though many chemotherapeutic agents have been tried 
in the management of gastrin-producing islet cell tumors, 
only a few are effective. A combination of two toxic 
antibiotics, Tubercidin and Strpetozotocin, and the 
antimetabolite 5-Fluorouracil was selected.! Tubercidin 
(7-deazaadenosine), a molecule similar to adenosine, ef- 
fectively alters RNA and DNA, stopping protein syn- 
thesis and DNA and RNA production and results in cell 
death. Pancreatic islet cells have been especially sensitive 
to this cytotoxic agent. 

Murray-Lyon® reported in 1968 that the cytotoxic 
agent Streptozotocin (1-methyl-i-nitrosourea) was ef- 
fective in the management of islet cell tumors. Previous 
animal studies had shown this agent to be diabetogenic. 
Tubercidin and Streptozotocin were combined with 5- 
Fluorouracil, which is the single most effective agent in 
the management of adenocarcinoma of the gastro- 
intestinal tract, in a clinically safe dosage. No deaths or 
Serious renal or liver toxicity resulted from this regimen. 
Transient bone marrow suppression does occur and an 
occasionally serious thrombophlebitis develops from 
Tubercidin if the rate of infusion is less than four hours. 

On the first day Tubercidin was given in a dosage of 1.5 
mg per kg of body weight mixed in 500 cc of the 
patient's own blood. The infusion is well tolerated if 
given slowly over a minimum of 4 hours. Twelve and 
one-half milligrams per kilogram of 5-Fluorouracil is 
given the same day and repeated for two additional 
days. After a 7-day rest period, a weekly dose of 12.5 
mg per kg of Streptozotocin is given, alternating with 
a similar dose of 5-Fluorouracil for the next 6 weeks. 
After a rest period of 28 days the regimen is repeated, 
providing the hematologic picture is satisfactory and 
fasting glucose levels are within normal range. 

Sardoff and Franklin® in 1972 reported a weight gain 
of 70 pounds in a patient with diffuse metastases to the 
liver associated with a gastrin-producing tumor. A total 
of 66 g of Streptozotocin was given to the patient in 
divided doses every two to three weeks for one year. 
The hepatic metastases regressed and he remained 
symptom-free for several years but his fasting serum 
gastrin eventually rose above 500 Pgm/ml. He had 
previously failed to respond to 5-Fluorouracil and 


POSTOPERATIVE TUMOR GROWTH BEHAVIOR 527 


Gastrit 


19000) e 


. MAG E IMATE 
16000 | me CALCIUM 


13000 


10000 








7000 
6500 


4000 


HRS hki 152 3 4 5 


Fic. 2. The mean gastrin response in 12 post-total gastrectomy 
patients to each of three provocative infusion studies, demonsirated 
the superiority of calcium gluceptate. 
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cyclophosphamide therapy. In one patient a merked 
recession of the hepatic metastases was demonstrated 
by a second hepatic angiogram following chemotherapy 
for a period of 9 months. All 5 patients given chemo- 
therapy volunteered that they felt better and each had a 
weight gain ranging from 3 to 35 pounds. 

In one patient chemotherapy appeared to be quite 
effective in the control of the diarrhea associated 
with the islet cell tumor which produces pancreatic 
cholera.*!9? The diarrhea had recurred two and one- 
half years after resection of the original tumor despite 
recent extirpation of a left hepatic lobe metastasis. The 
patient had normal stools within 30 days after treat- 
ment was started and has remained symptom-free for al- 
most one year. His weight has remained stable and he is 
working every day. 

It is acknowledged that different drugs have been 
used with varying success, and a much longer period of 
time will be required to evaluate.the effectiveness of 
this particular triple drug chemotherapy program. Too 
often chemotherapy has been withheld because of the 
slow and uncertain course of the tumor until the pa- 
tient's liver is filled with metastases. 
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Fic. 3. The provocative infusion of calcium gluceptate provides 
more reliable postoperative information regarding tumor activity than 
fasting gastrin levels. 
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Fic. 4. The course of approximately 60% of the postoperative pa- 
* tients with gastrinoma are consistent with a malignant tumor. 


An effort was made to analyze the survival pattern 
of the 37 patients with a gastrinoma (Fig. 4). Of 14 
deaths, 38% of all patients, all but two occurred 
within 5 years after operation. One patient died of 
progressive tumor involvement 7 years and another 8 
years following total gastrectomy, indicating a slow but 
sustained growth of the neoplasm. 

Of 8 patients (22%) who had evidence of hepatic 
metastases or definite clinical evidence of tumor pro- 
gression with gastrin levels above 1,000 Pgm/ml, 6 had 
had total gastrectomies, and two a lesser procedure. In 
5 of the 6 total gastrectomy patients the liver metastases 
were visualized by angiogram and in one patient a 
solitary tumor nodule was excised from the undersurface 
of the left lobe. 

In the two patients who had had procedures other than 
total gastrectomy, there was evidence of aggressive 
tumor activity. One of these patients had x-ray evidence 
of a deep ulcer crater in the second portion of the 
duodenum which accounted for several brisk upper gastro- 
intestinal hemorrhages. She repeatedly refused total 
gastrectomy, so chemotherapy was started. Only time will 
tell whether or not the extensive tumor in the head of the 
pancreas can be controlled sufficiently to avoid further 
ulcer complications. The second patient had multiple 
endocrine gland involvement of the parathyroids, 
adrenals, and islets of the pancreas, and hypercalcemia 
and had been advised to have total gastrectomy be- 
cause of ulcer symptoms. Seven of the 8 demonstrated 
metastatic involvement within 5 years after surgery. 

Fifteen patients (40%) are presently living at intervals 
- ranging from one to 22 years after operation. Of the 10 
patients living longer than 5 years, one has angiographic 
evidence of extensive liver involvement with high gastrin 
levels so that only 9 (2496) are free of disease 5 years 
after operation. The advanced cases included early in this 
series may account for a lower survival rate than that 
reported in the literature.?? 
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Survivors include one patient who had excision of a 
solitary pancreatic adenoma, a second with excision of 
a duodenal wall adenoma, and a third who had vagotomy 
and antrectomy. The latter patient has gastrin levels 
that exceed 1,000 but hepatic angiograms have not as yet 
been made. The remaining 12 patients had total 
gastrectomies. While these 15 patients are currently doing 
well, it must be assumed that more than one, especially 
in the less than 5-year survival group, will get into 
difficulty from further tumor growth. 

Of 23 living patients including those with or without 
metastases, 22 are working. One patient who had total 
gastrectomy and excision of a solitary hepatic metastasis 
four and one-half years ago, has remained a nutritional 
problem with a body weight of 76 pounds. A dietary 
evaluation of the majority of these patients showed an 
average intake of 1700 to 3500 calories per day. Several 
patients improved their nutrition by stopping smoking and 
dramatically reducing their coffee intake from 10 or 15 


cups to two a day. Approximately 60% of the survivors . 


who had total gastrectomy have reached or exceeded 
their calculated ideal weight. 

Regardless of how the data were evaluated, it was evi- 
dent that approximately 60% or more of the patients 
had died or were in difficulty because of a tumor that be- 
haved as a malignancy. Wilson, in a survey of 621 
reported cases, concluded that approximately 59% 
proved malignant, 35% proved benign, and 6% demon- 
strated islet cell hyperplasia. Of the 40% of our patients 
living with apparently benign disease, one has lived over 
22 years and another, 14 vears, 7 have lived from 5 to 10 
years, while 6 patients have yet to pass the 5-year mark. 
It may well be that the incidence of malignancy judged 
to be approximately 60%, accounts for the postoperative 


tumor growth behavior of the gastrin-producing islet cell . 


tumor. The persistence of elevated postoperative 
gastrin levels suggests either metastaes or multicentric 
islet cell tumor involvement in almost every patient. 
Perhaps acceptance of the adage of ''once a tumor al- 
ways a tumor" would be a useful philosophy in the 
long-term care of these patients. 


Conclusions 


The adage ‘‘once a tumor always a tumor” may be 
relevant to the truth about gastrinoma; an elevated 
fasting gastrin level found on routine postoperative test- 
ing suggests the presence of retained or progressive 
tumor in almost all patients. 

Fasting gastrin levels may not indicate the extent of 
tumor involvement. Provocative infusions of calcium 
gluceptate, 15 mg per kg of body weight, should be made 
routinely at periodic postoperative evaluation. This test 
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appears to be superior to and more consistent than the 2 


secretin or magnesium sulfate provocative infusions. 


di 184 e No. 4 


In the presence of elevated serum calcium levels 
associated with hyperparathyroidism or in patients with 


ç- advanced cardiac disorders, either the secretin or mag- 


i 
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nesium sulfate provocative infusion test, which has little 
or no hypercalcemic effect, should be substituted for the 
calcium gluceptate infusion. 

A hepatic angiogram should be considered when either 
the fasting or stimulated gastrin levels exceed 1,000 Pgm. 
The incidence of hepatic metastases when the serum 
gastrin levels are elevated beyond this level is significant. 
Hepatic metastases were found in 8 patients (53%) of 
those having had hepatic angiography. 

Chemotherapy should be considered when the post- 
operative gastrin levels are steadily increasing and ex- 
ceed 1,000 Pgm/ml. Chemotherapy is routinely advised 
when hepatic metastases are proved at the time of 
operation, or by subsequent hepatic angiography. 

Chemotherapy consisting of the triple-drug program of 
Tubercidin, Streptozotocin and 5-Fluorouracil, was given 


to 5 patients with extensive gastrinoma. These patients ` 
said they felt better and gained from 3 to 35 pounds in | 


weight. One patient with a WDHA syndrome with 
metastases to the liver has remained symptom-free for 
almost one year on the chemotherapy program. Chemo- 
therapy, regardless of the type, should be used more 
aggressively than it has been in the past in patients 
with extensive islet cell tumor involvement. 
Since 60% of the patients in this series have died 
or exhibit definite evidence of tumor activity, it is 
assumed that the tumor is malignant and growth of the 
tumor has not been inhibited, although in many instances 
it is proceeding at a very slow rate. Approximately 
40% of the patients seem to do well, despite modest 
elevations in gastrin levels, suggesting that the retained 


~~ tumors could be considered benign. 


A 


DISCUSSION 


Dr. JAMES CHARLES THOMPSON (Galveston, Texas): If you 
had to choose among the gastrin challenges, I would think that 
secretin is still the better. I think that it allows one to make a 
differentiation within an hour or two hours. As far as I know, secretin 
releases gastrin only from gastrinoma tumors, whereas calcium re- 
leases gastrin from any kind of gastrin-bearing tissue. 

As far as what is malignant, I think that really depends upon the 
definition. I would suggest that those patients who have high gastrin 
levels after excision of the primary tumor and after total gastrectomy 
have either multiple primary tumors or functioning metastases or 
both. 

I would suggest that a model for these tumors is the carcinoid 
tumor. We all known that patients with carcinoid tumors will de- 
velop metatases and live in harmony with them for years, and then 
for some reason or other the metastases will begin to grow, because 
of changes in their own biologic potential, and will often kill the 
patient. 

It’s very important to treat these like malignant tumors, and 
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extripate as much of the tumor as possible, and the patiert will 
actually live longer. e 

It is distressing to us that many of our patients are now beginring to 
die. We have had two die in the last year, and others whom we tided 
along for a long time with intermittent doses of intrahepatic artery ' 
chemotherapy now seem to have escaped the ameliorative results of 
that, and are beginning to die. 

It is encouraging to see the results that Dr. Zollinger and colleagues 
have achieved in the management of these metastatic tumors. 


Dr. STANLEY R. FRIESEN (Kansas City, Kansas): I think we're 
all very interested in this remarkable experience that Dr. Zollmger’s 
group has had, and in their presentation today, and I think we better 
pay attention to it. The longer we see these patients, the more we're 
going to believe what he is saying about tumor being tumor. once 
and for all. 

However, I don't think that I can be quite as pessimistic as his 
projections would indicate because our experience, which is diferent 
than his, is different because it's a smaller experience, and I think 


itis different also because we have a larger proportion, probably, of 
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familial patients who haye multiple endocrinopathy, of which some 


of these have Zollinger-Ellison syndrome within it. And I think this 


does change our evaluation of gastrin levels and our evaluation of 
their future. 

First of all, I would agree completely with the high levels of serum 
gástrin. If they are over 1000 picograms per mm, those patients 
HáVe tumor. 

What I'm concerned about are those patients who have a modest 
elevation of serum gastrin, somewhere between normal and 1000. And I 
think these levels can easily mean that they don't have a gastrinoma, 
but that they have another kind of tumor, maybe a serotonin- 
secreting tumor, or hyperplasia of any of the APUD cells of the whole 
endocrine system. At least, we have seen this happen. When they 
have a moderately elevated serum gastrin, they don't necessarily 
have a gastrinoma. They are likely to show up with something else, 


and they are very likely to be patients involved within a family of | 


endocrinopathies. | 

Now, the authors have only one patient with a normal fasting serum 
gastrin, which surprises me, because in our small experience of about 
15 patients we have 4 who have a normal fasting serum gastrin after 
having total gastrectomy. I have one patient with a modest elevation, 
up to 895, and he has no metastases that we could find by the 
routine tests—-even exploration— but he has had a carcinoid tumor of 
the duodenum, and he probably still has one, and I think that is the 
cause of a moderately elevated serum gastrin. 

There have been 5 deaths, one of which was a suicide, and all the 
déaths were associated with high serum gastrin levels, just as you have 
shown today. Four of these patients were sporadic. One was familial. 
And I think you have to divide them off, if you are going to make 
evaluations, and I couldn't tell, really, Dr. Zollinger, which of your 
patients have sporadic disease and which ones have familial or multiple 
endocrine adenopathy. 

We have had three patients who have had objective evidence of 
regression of metastatic disease after total gastrectomy. One of these 
was a temporary regression, but he was apparently free of tumor for a 
period of 15 years. Then he escaped control, and had multiple 
hyperplasias and multiple tumors. 

So you have to watch them, however, different our samplings 
are between our two experiences. These people must be repeatedly 
screened not only the patients themselves, but their families, because at 
the time you can't tell whether this is a familial situation or a sporadic 
situation. 

As far as the chemotherapy is concerned, I have had very little 
experiénce.. With the four deaths, two received intravenous Strepto- 
zotocin, and there was a reduction in serum gastrin levels, but the 
patients died. I think, if I had another patient who had hepatic 
metastases, I would certainly put him on an intra-arterial catheter 
and give him transhepatically, intra-arterial streptozotocin because of 
the good results that have been reported with metastases in liver 
from insulinomas and carcinoid cells, and from one or two patients 
with Z-E tumor in the liver. 

One final remark, and a question. There have been a few reports of 
blackout spells, or seizures, in patients who had adudomas, 
specifically gastrin cf] carcinomas, after total gastrectomy, even 
years later, and we have had two patients with blackout spells without 
hypoglycemia, without hypergastrinemia, but one of them had a slight 
elevation. In both of these patients the serotonin was elevated, and the 
serotonin was elevated in the patient who commited suicide. 

Im wondering if the association of hyperamines, or hyper- 
serotoninemia, produces symptoms, a side we haven’t described yet, 
and I wondered if they had ever seen patients with blackout spells, or 
seizures, postoperatively. 


e 
Dr. RONALD K. Tompkins (Los Angeles, California): The con- 
tribution of the combination chemotherapy to the treatment of these 
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malignant disease forms, of which there are two thirds of three 
quarters in that group, is a major one. We have not had any ef- 
fective way to treat these patients prior to this, and we're all going to 


be very interested in seeing the followup of these initial few patients ^ 


who have been treated. Although most of them had gastrinomas, 
there was one patient with watery diarrhea, hyperkalemia, and 
achlorhydria syndrome, or "pancreatic cholera" who was treated with 
this combination. And, of course, in this latter syndrome it's not possible 
to remove the target organ, as you do with a gastrinoma, since the 
target organ is the entire gastro:ntestinal tract. 

In conclusion, I'd just like to ask Dr. Martin if he could tell us if 
they have had the opportunity to restimulate any of the patients after 
chemotherapy, to see if there is a cliange in the hormone levels 
from stimulation of calcium or secretin or magnesium after 
chemotherapy. 


Dr. BERNARD M. JAFFE (St. Louis, Missouri): I would like to 
ask one question. In the unique situation and ability you have to follow 
patients for fantastically long periods of time. Have you totally 
abandoned following changes in the basal gastrin as an important 
determinant in predicting survival? Do you get basal gastrin levels at 
prescribed periods? Have the levels changed? Have the changes 
echoed the changes that you have found with stimulation tests? Can 
you follow a patient with successive basal gastrin levels, or do you feel 
you need to have stimulation tests? 


Dr. EDWARD W. MARTIN Jr. (Closing discussion): In addressing 
Dr. Tompkins' comments as far as secretin is concerned, we have found 
that, first of all, it's not available to everybody, and, secondly, it's more 
expensive. We agree that it does give you a nice quick response, but as 
Dr. Zollinger showed on some of the slides, we got a more dramatic 
response with the calcium. I thin if somebody does have hypercalcemia 
or heart disease, it certainly could be used at that time. 

Dr. Friesen, than you for your comments. One fourth of our cases 
are of the familial type, which we did not allude to in the manuscript. 
Half of these are doing very well, but another half not as well. 
Actually, Dr. Zollinger alluded to one such patient we just saw who 
had an angiogram. It is now one year since we started him on 
chemotherapy, and he has had a dramatic response to chemo- 
therapy. Therefore, half of our familial endocrinopathies are in 
"trouble." 

As far as deaths, we Have had several deaths after the 5-year 
survival, so I think we have to Icok at the group that is less than 5 years 
with some skepticism, and wait for the final numbers to come in. 

We're satisfied with the three-drug therapy. We have had absolutely 
no difficulty with it, no complaints. We don't have to beg the patients 
to tell us they feel better. They offer it. A lot of other types of chemo- 
therapy have developed and the side effects are often much more severe 
and it has been an effort to get them to tell me they felt better 
because they were having a lot of nausea and vomiting, and side ef- 
fects, but we have not had this difficulty. It's really a true good re- 
sponse, and they are having a better quality of life. 

As far as intra-arterial Streptozotocin, I think that's pretty drastic, 
if you can have a report such as this, that we are having such 
good success; but that’s just an individual situation. 

We agree with Dr. Tompkins that this three-drug therapy is en- 
couraging, and we encourage everybody here to take along look at it, and 
if we have any unfavorable results, I'm sure Dr. Zollinger will be the 
first to admit it. 

As far as Dr. Jaffe, we have followed the basal gastrin levels. We get 
them every time. But we do feel that the stimulation tests are a much 
better predictor of tumor activity. 

Finally, Dr. Friesen, there have been no syncopal attacks that 
we know of. Nobody has had any blackout spells, or anything of this 
sort. 
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Surgery of Peptic Ulcer, Vol. XVII In Major Problems 
in Clinical Surgery R. Menguy, 296 pages, $15.00. 
Philadelphia, W. B. Saunders, Company, 1976. 


THIS CONCISE VOLUME is a monograph on the surgical 
treatment of peptic ulcer disease. There are chapters 
on the anatomy and physiology of the stomach, on 
duodenal ulcer, on the historical evolution of surgical 
treatment of peptic ulcer disease, on technical aspects of 
peptic ulcer surgery, results of surgery for duodenal 
ulcer, sequelae of peptic ulcer surgery, management 
of recurrent ulceration after surgery, peptic ulcer of the 
stomach, and acute gastric mucosal lesions. The space 
allotted to these topics is adequate to allow critical 
coverage without encyclopedic detail. 

A frequent criticism of current medical writing is that 
it is impersonal. Not so this book, which clearly 
lives up to the definition of a monograph: it is one 
man’s approach, and the personality of the author shines 
through. Dr. Menguy is a scholar with strong opinions 
and those opinions are evident. I do not agree with 
some of them, but it is refreshing to read an author 
who provides abundant information on a topic and then 
tells you exactly where he stands. His tone is sufficiently 
provocative at times that replies form themselves al- 
most spontaneously. He says, for example, that a gastric 
analysis should always be performed in the diagnostic 
workup of a patient with a duodenal ulcer; that the 
mortality for treatment of massive bleeding from a duo- 


< denal ulcer by vagotomy, Finney pyloroplasty and suture 


ligation should be no greater than 1—2%; that an up- 


right chest x-ray in a patient with a perforated duodenal 


ulcer will show free air; that a recurrent ulcer de- 
veloping on the gastric side of a gastrojejunostomy 
cannot be a peptic marginal ulcer and should be con- 
sidered malignant. 

The discussion of gastric physiology as related to the 
pathogenesis of peptic ulcer is clear, current, and suc- 
cinct. The section on diagnosis of duodenal ulcer 
has (as is true for the entire volume) excellent radio- 
graphs which are beautifully reproduced. Although the 
author repeatedly attests to the importance of upper 
gastrointestinal panendoscopy, there are, unfortunately, 
no color reproductions and only relatively few black and 
white gastrocamera photographs. Since endoscopy is at 
least as important as radiography, we may hope that 
future volumes on upper gastrointestinal diseases will 
have color endoscopic pictures, even though they are 
costly. 


The operative approach to the management of 
complications of peptic ulcer is presented in a fashion 
that clearly reflects the author’s own experiences. He 
favors truncal vagotomy plus Finney pyloroplasty, 
truncal vagotomy plus antrectomy, and recently, parietal 
cell vagotomy. These and all other currently acceptable 
operative procedures are well-described and are ef- 
fectively illustrated in simple line drawings, presumably 
done by the author. Some of his admonitions seem 
hortatory, perhaps superfluous (he says, in italics, that 
he strongly discourages the use of the antral exclusion 
principle); some seem idiosyncratic (the use of a tube 
gastrostomy with a parietal cell vagotomy, complete 
avoidance of gastroenterostomy as a drainage procedure 
with vagotomy, condemning finger dissection of the vagi 
as being responsible for most cases of esophageal 
perforation). There are some omissions: there is no men- 
tion of the treatment of duodenal ulcer perforation by 
definitive acid-reducing procedures (vagotomy plus 
pyloroplasty or vagotomy plus antrectomy), and there is 
no discussion of the role of prophylactic antacid therapy 
in patients who are at risk for the development of 
stress ulcers. 

The strength of the book is the strong scholarly 
grasp of the problem held by the author and his obvious 
great clinical experience, which he freely draws upon. 
The book is well written and provocative. It will-be of 
interest to every surgeon who treats patients with peptic 
ulcer disease. 

JAMES C. THOMPSON, M.D. 


Procedures in Vascular Surgery, 2nd edition: C. Crane 
and R. Warren, 206 pages. Boston, Little, Brown & 
Company, 1976. g 


THIS TEXT presents a basic approach to the opera- 
tive treatment of the common vascular surgery problems 
which have stood the test of time and is based on the 
personal experience of two well known and extremely 
competent vascular surgeons. Each chapter follows a 
logical approach to the problem beginning with the 
diagnosis, objective, indications, contraindications and 
planning and preparation. Then the operation is de- 
scribed in detail and illustrated in simple lucid fashion 
which provide the basic and essential information in- 
cluding common variations and problems presented by the 
particular vascular lesions. A chapter on the common 
complications associated with vascular operations and 
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their management is most helpful. A deficiency in such a 
personal compendium of experience are the omissions 
of points of view held by others equally experienced in the 
operative management of vascular disease, e.g., the dis- 
missal of the use of thromboendarterectomy in the treat- 
ment of aortioliac occlusive disease. Nonetheless it is an 
extremely well done book which provides a lucid and 
concise presentation of present day vascular surgery. This 
book should be most helpful to both the practicing 
surgeon and young surgeons in residency training. 
JOHN H. Foster, M.D. 


` Intensive Care. J. J. Skillman, 609 pages. Boston, Little, 
Brown & Co., 1975. 


THIS IS THE most complete compendium on intensive 
care of the surgical patient to come to this reviewer’s 
attention. While the book is clearly slanted toward 
the problems in care of the critically ill ‘‘surgical’’ pa- 
tient, the majority of its chapters apply equally to the 
problems of intensive care of patients from any specialty 
group. Sections are offered by a wide spectrum of special- 
ists in addition to surgeons including anesthesiologists, 
neurologists, internists, and psychiatrists. 

Dr. Skillman describes the Intensive Care Unit at the 
Beth Israel Hospital in sufficient detail to enable 
another group to duplicate this format if they should 
so desire. Considerable attention is given to the im- 
portance of inter-personal relationships in the smooth 
operation of such a unit. Covered in much more detail 
than usual is the matter of the ethical dilemmas faced 
by the professional staff in decisions to terminate in- 
tensive care and the psychiatric aspects in care of the 
critically ill. 

The physiologic management section begins with very 
basic biochemistry and physiology so that the reader 
need not simultaneously consult other basic texts to 
renew his acquaiptance with these fundamentals. The 
chapters in this section progress smoothly from the 
normal to abnormal states and include the monitoring 
or other measuring techniques required to detect the 
abnormal state. Often lacking from such compendia, 
but very well done here, is the chapter by Dr. Salz- 
man on hemostatic disturbances and thrombosis. 

The final section on specific clinical problems uses 
the method of ''typichl case" presentation to introduce 
each abnormality followed by an analysis of the physi- 
ologic derangement and a plan for its correction. While 
the center section of the book is (necessarily) rather 
theoretical, this final section is highly practical with 
the inclusion of specific, step-by-step technical details 
as to how various procedures should be carried out. 

Included in an appendix are the Massachusetts 
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Department of Public Health rules and regulations con- 
cerning intensive care units, which might be used as a 


model for governmental agencies not already having such, - 


or adapted by hospitals for their internal use. 

All hospitals having intensive care units could profit 
by having a copy of this excellent contribution in the 
intensive care unit. A book in the library is rarely of 
help to the personnel of an intensive care unit. 

WORTHINGTON G. SCHENK, JR., M.D. 


Vascular Surgery: Principles and Techniques. Henry 
Haimovici, 967 pages. New York, McGraw-Hill Book 
Co., 1976. 


A LARGE NUMBER Of excellent books on peripheral 
vascular surgery have appeared in recent months, but 
this volume by Henry Haimovici must be considered 


one of the best and the most complete. Dr. Haimovici : 


has selected particularlv qualified surgeons to assist 
in the preparation of the book which supplements his 
own long time experience. All areas of vascular surgery 
are represented including venous and lymphatic surgery, 
amputations and rehabilitation. Diseases of the thoracic 
aorta are discussed and although coronary bypass per 
se 1s not included in the 5ook, there is a brief comment 
concerning coronary endarterctomy by means of the gas 
endarterectomy technique. There are eight major parts to 
the book. It is introduced by a section which includes 
history and some of the basic hemodynamic and physi- 
ologic, radiologic and other data. The second part of the 
book discusses the anatomic problems of exposure in 
the several areas. The third part on atherosclerosis 


might properly be included in the first section, but since . 


it represents a particular interest of Dr. Haimovici it 
stands alone. The remaining five parts are anatomically 
divided into aortic and peripheral arterial surgery, sur- 
gery of the visceral vessels, surgery of the thoracic 
outlet syndrome and sympathectomy, venous and 
lymphatic surgery and amputations on rehabilitation. 

The completeness of the books' presentation should 
be stressed, going back almost to such very basic 
and even mundane techniques such as dissection of ves- 
sels, basic use of clamps. and suture techniques. 

For the most part the chapters involving the surgical 
procedure itself lack objective presentation of results 
achieved. This does not in any way detract from the book 
for alternative methods are presented objectively and 
fairly. The reader can search for results in the excellent 
bibliography and the step by step presentations of surgical 
technique are perhaps all the clearer because of this. 

The book is well written and edited and very easily 
read. The drawings and photographs are excellent, 
not only in their selection but in their reproduction. 
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Dr. Haimovici says that he has attempted to keep dupli- 
cation to a minimum, but such duplication as there is no 
: way detracts from the book. 

Lastly, it is provided with a good and workable index 
which allows one to turn directly to a topic in question 
without a long search for euphemistic entries. 

No vascular surgeon can review another surgeon’s 
book without finding some things with which he does 
not agree completely. There is nothing that I could 
find in this book, however, that does not have some good 
reason for its presentation. It is strongly recommended 
as one of the most useful of the vascular text books on 
the market, because of both its depth and the breadth 
of its coverage. 

WILEY F. BARKER, M.D. 


Year Book of Plastic and Reconstructive Surgery — 1976. 
Frederick J. McCoy (ed.), 367 pages. Chicago, Year 
Book Medical Publishers, 1976. $27.95. 


THE VARIED CONTENT in the /976 Yearbook of Plastic 
and Reconstructive Surgery is a compliment to the spe- 
cialty itself and to the editors who reviewed and selected 
the material. An extensively experienced editorial staff, 
headed by Dr. Frederick McCoy, has divided the book 
into six principle categories: congenital anomalies; neo- 
plastic, inflammatory and degenerative disease; trauma; 
aesthetic surgery; and transplantation and general topics. 
Approximately equal attention is given to each category 
and articles from over 75 different journals were se- 
lected for review. For the busy physician who may 
otherwise be unable to pursue such a breadth of ma- 
terial, a review system such as this is a worthwhile 
undertaking. Most articles are followed by an editorial 
comment which is usually precise and to the point. 
The impossibility of being totally inclusive is recognized 
by any student of the field of reconstructive surgery, 
but the editors have made a commendable effort in 
this direction. An annotated index listing other significant 
articles at the conclusion of each major category, as 
adopted by some of the other Yearbook series, may 
perhaps be a useful consideration for future editions. 
As a review source and to stimulate further thinking, 
the 1976 edition can be recommended enthusiastically. 

J. WILLIAM FUTRELL, MD. 


Fundamentals of Urology. Jack Lapides, 593 pages. 
Philadelphia, W. B. Saunders Co., 1976. 


THE FUNDAMENTALS OF UROLOGY by Jack Lapides, 
M.D. is a welcomed addition to the Urologic literature. 
This text is one of the few intermediate volumes in 
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Urology, standing between the paperback outlines and 
the multiple. volume speciality works. Although the 
original work was designed for the third year medical 
student, Dr. Lapides' efforts have made this book appli- 
cable and valuable for medical students, physicians 
assistants, and graduate medical house officers, including 
junior urology residents. I cannot believe that even 
Diplomates of the Board of Urology could not benefit 
from review of certain chapters, especially uropathology 
and neurogenic bladder. 

The only disappointing chapter concerned Congenital 
Anomalies, but the author was kind enough to provide 
excellent references for further study of this extensive 
subject. 

Special comment must be made about the chapters ` 
concerning Uropathology, Uroradiology, and the Neuro- 
genic Bladder. These chapters are very well wriiten, 
concise without being superficial, and Dr. Lapides, as 
usual, has done a superb job of categorizing the dif- 
ficulties of neurogenic bladder. None of these topics is 
easy to deal with, but they have been a pleasure to 
read as well as informative. 

The price of the book is not prohibitive and well 
worth the investment for all who deal with urologic 
patients or problems. I highly recommend it to all 
interested health personnel. My congratulations tc Dr. 
Lapides for a superb, intellectual, and comprehensive 
update of Dr. Nesbitt’s onginal efforts. 

JOHN L. WEINERTH, M.D. 


AAOS, Symposium on Tendon Surgery in the Hand. 314 
pages, St. Louis, The C. V. Mosby Co., 1975, $32.50. 


THIS BOOK is a record of the proceedings of a sym- 
posium held in Philadelphia, March 1974, which was 
entitled ‘The Hand: A Decade of Tendon Surgery" 
sponsored by the Committee on Musculoskeletal Diseases 
of the American Academy of Orthopgedic Surgeons. 

The symposium contains papers by international 
authorities from the research and clinical areas as they 
relate to tendon surgery in the hand. Each paper 
has been well edited and is concise with an up-to- 
date bibliography. It is fully illustrated with diagrams 
and photomicrographs. These are all reproduced with 
great care by the publisher. So much detail is incorporated 
in this symposium that it is difficult to particularize - 
on any one specific aspect. There are sections on tendon 
nutrition, tendon healing, tendon and tendon sheath 
anatomy, tendon grafting, tendon homografts, tenolysis, 
staged tendon repair, artificial tendons. Primary versus 
delayed tendon repair as well as pre and postcpera- 
tive management is covered. Important is the fact that 
the authors were given freedom to express their view 
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points without editorial restrictions. This book is an es- 
sential part of the library of all those interested in the 
Surgery of tendons. | | 

Ü . RAYMOND M. Cunris, M.D. 


Surgical Treatment of Congenital Heart Disease. 2nd edi- 
tion, Grady L. Hallman and Denton A. Cooley, 204 
pages. Philadelphia, Lea & Febiger, 1975, $18.50. 


THE SECOND EDITION of the Surgical Treatment of 
Congenital Heart Disease by Doctors Grady L. Hallman 
-and Denton A. Cooley represents an updating of the 
book since its publication in 1966. The text is basically 
a well illustrated. surgical book on the techniques of 
performing the majority of cardiovascular operations, 
based on the vast clinical experience of the authors. 
There is very little primary revision of the previous 
text. The additional sections cover new techniques, 
such as the use of the valve containing conduit to 
reconstruct right ventricular pulmonary artery discon- 
tinuity and the several operations involved with the treat- 
ments of coronary artery anomalies. 

The bibliography for the previously published chapters 
has not been updated. There is minimum attention 
to the recent development in techniques of repair in 
the infant and the use of deep hypothermia. This re- 
flects the authors’ use of the book to promulgate 
their own operative experience, rather than the general 
experience in alternate methods. Hemodynamic data are 
simple in presentation and particularly misleading is 
the continued use of pulmonary artery pressure as the 
determinate in mortality of.ventricular septal defect, 
rather than absolute pulmonary artery resistance. 

It remains an excellent reference for medical students 
-and residents and for those wishing a quick and uncom- 
plicated review of the surgical management of a given 
congenital cardiac lesion and the results of one insti- 
tution. s 


JAMES R. MALM, M.D., 


Gibbon’s Surgery of the Chest. 3rd edition, David C. 
Sabiston, Jr. and Frank C. Spencer (eds.), 1592 pages. 
Philadelphia, W. B. Såunders Co., 1976. $67.50. 


In 1962 Dr. John H. Gibbon, pioneer in open heart 
surgery with cardiopulmonary bypass, published the first 
edition of what proved to be a most distinguished 
textbook of thoracic surgery. In 1969 the second edition 
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under Dr. Gibbon’s editorship appeared, and now Drs. 
Sabiston and Spencer (co-editors of the 3rd edition) 


have edited the 1976 or third edition. The size of the ~ 


volume has increased from 902 pages to 954 and now 


1,592 pages. The number of chapters has increased - 


from 42 to 55, making it a mini-encyclopedia on thoracic 
surgery. It is well-written and beautifully illustrated, 
and must be regarded as rhe authoritative work on this 


subject. The editors have ably maintained the Gibbon 


tradition for excellence. 

Although it is impossible to comment adequately 
on the many important subjects in this volume, comments 
on some of the newer material are in order. 

The authors have correctly emphasized the coronary 
circulation, since the treatment of coronary artery disease 
is currently a major thrust in thoracic surgery. There is 
no question that the surgical treatment of coronary 
artery disease has been a monumental advance. Yet, as 
in all surgical diseases, prevention is obviously preferred 


to a major surgical operation. Thus, a discussion of ' 


epidemiology, lipids and medical treatment is timely. 
If the measures to prevent coronary arteriosclerosis 


are effective, then there will be a marked decrease 
in the amount of coronary artery surgery performed. 

The use of prolonged ECC for patients needing long- 
term oxygenation and cardiovascular support has been a 
challenging technique and this subject has been ampli- 
fied in this edition. The authors of the chapter, who have 
had a unique experience in this effort, have recorded 
an interesting introduction to this subject. 

In a similar way, the role of computers is discussed. 
This pioneering effort is most worthwhile, even though 
it is currently beyond the financial capabilities of most 
open heart programs. Basic studies as outlined are 
necessary to determine the practical role of this tech- 
nique. It is hoped that in the future they may be 
simplified, made less expensive, and the exact use 
better determined. 

In discussing the immunological aspects of pulmonary 
neoplasms, an area of great promise is presented. 
Even though new, successful techniques have been re- 
ported since this chapter has been written, the inclusion 
of basic principles is worthwhile. In addition, the chapters 
on shock, antibiotics, the trachea, autonomic nervous 
system, the esophagus in children, and diaphragmatic 
pacing are comprehensive. 

Finally, this book has balance and breadth of subject 
matter. It can be truthfully said that this volume offers 
an authoritative, comprehensive and up-to-date text on 
thoracic surgery that will prove to be an important addi- 
tion to physicians treating thoracic diseases. 

LYMAN A. BREWER, III, M.D. 
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oO INITIAL MANAGEMENT OF SURGICAL TREATMENT OF 
THE TRAUMA PATIENT CONGENITAL HEART DISEASE, 

Lu Edited and with contributions by CHARLES F. FREY, M.D., 2nd ed. 

University of California, Davis. (34 Contributors). Requi- By GRADY L. HALLMAN, M.D., and DENTON A. 

5 sites of training for the emergency department physician COOLEY, M.D., both of The Texas Heart Institute, 
and essentials of early care of the injured, including Houston, Texas. This new edition of a standard text in 

onc diagnosis and resuscitation, are presented in this highly the field covers all aspects of the subject. Cor triatriatum, 
practical book. Succinctly discussed is management of scimitar syndrome, parachute mitral valve and other 

eo injuries involving eyes, face, head, chest, heart, ab- — anomalies are detailed by history, clinical and laboratory 
domen, spine, extremities and soft tissues, with a special diagnosis, surgical indications, operative technique, 

LLI chapter on the hand and on cardiac resuscitation. Shock, complications and results. Emphasis is on operative 
infections, tetanus, renal failure, and poisoning in procedure with all variations thoroughly described. Also 

: i children are all thoroughly discussed. 498 pp., illus., new in this edition is description of operations using 
1976, Ready Now. homografts and Dacron tubes with porcine heterografts. 

An abundance of excellent illustrations portray and 
clarify each operative technique described. 204 pp. 
od (8⁄2 x 11), numerous illus., 1975, $18.50. 
OPERATIVE ANATOMY 
OF ABDOMEN AND PELVIS A PRIMER OF WATER 
By EDWARD A. EDWARDS, M.D., Harvard Medical CIN. 

«t School, Boston, Massachusetts; PAUL D. MALONE, ELECTROLYTE AND ACID-BASE 
Lahey Clinic Foundation, Boston, Massachusetts; and SYNDROMES, oth ed. 

LL JOHN D. MacARTHUR, M.D., Harvard Medical School, By EMANUEL GOLDBERGER, M.D., Albert Einstein 
Boston, Massachusetts. Anatomy basic to surgery in the College of Medicine, New York, New York. 604 pp. 
entire abdomen and pelvis is depicted in illustrations (51% x 734), illus., 1975, $12.00. 

dl of either anatomical dissections, or views seen at the 
operating table. Considered are those structures utilized 
for operations upon iae organ, with E FUNDAMENTALS OF 
for choice of procedure, anomalies to be watched for, 
and anatomic hazards to be avoided. Beginning surgeons VASCULAR RADIOLOGY 
and students in their clinical years, and experienced By ROBERT |. WHITE, JR., M.D., Johns Hopkins 
surgeons will find this to be an excellent textbook and University School of Medicine. a Maryland. 
reference. 418 pp. (8% x 11), 224 illus. (5 plates in 151 pp. (7 x 10), illus., 1976, $13.00. 
color), 1975, $37.50. 

ARTHRITIS SURGERY 
, By LEONARD MARMOR, M.D., St. John’s Hospital, 
P MANAGEMENT OF TRAUMA: Santa Monica, California. 548 pp. (7 x 10), 744 illus. 
~ Pitfalls and Practice (1 plate in color), 1976, Ready Now. 

















Edited and with contributions by ALEXANDER J. WALT, 
M.D., and ROBERT F. WILSON, M.D., both of the Wayne 
State University, Detroit, Michigan. (43 Contributors). 
Covers every aspect of the management of trauma, its 
medical and surgical management, and the special prob- 
lems it presents. All aspects of practical hospital manage- 
ment are included, with considerations of clinicai fea- 
tures, difficult problems, and potential pitfalls. Presented 
are physiologic considerations of particular importance 
in trauma such as metabolic and nutritional considera- 
tions, shock and special problems in trauma in the aged, 
addicted and alcoholic. A section is devoted to manage- 
ment of specific injuries. 626 pp. (7 X10), 124 illus., 
1975, $30.00. 


RADIOLOGY OF THE ABDOMEN: 


Anatomic Basis 


By JOSEPH P. WHALEN, M.D., Còrnell University 
Medical College, New York, New York. About 300 pp. 
(8⁄2 x 11), numerous illus., 1976, Ready Now. 


DRUG INTERACTIONS, 3rd ed. 


By PHILIP D. HANSTEN, Pharm.D., Washington State 
University, Pullman. 405 pp., paperback, 1975, $11.50. 
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may be all you need" 


EFFICACY Parenterally, 90.4% of 806 patients had an 
excellent to good clinical response (includes patients 
treated for a variety of respiratory tract, urinary tract, and 
skin and soft tissue infections, plus septicemia). 

Orally, 86.7% of 3719 patients had a comparable 
response (includes patients treated for respiratory tract, 
urinary tract, and skin and soft tissue infections). 


SAFETY 93.5% of 6555 patients free of any reported 
adverse reactions (includes patients who received 
Velosef by both oral and parenteral routes for a variety 
of susceptible infections). 


CONTINUITY Velosef is the only cephalosporin which 
can be used by both the oral and parenteral routes, 
affording a continuity of therapy for appropriate 
indications unique in this class of antibiotics." 
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Cephradine Capsules c 
VELOSEF® for ORAL SUSPENSION ` t 
Cephradine for Oral Suspension r 
VELOSEF® for INJECTION 

Sterile Cephradine for Injection 


J , 
DESCRIPTION: Velosef '250' Capsules and Velosef '500' Capsules 
(Cephradine Capsules) provide 250 mg. and 500 mg. cephradine, re- 
spectively, per capsule. Velosef 125' for Oral Suspension and Velosef 
'250' for Oral Suspension (Cephradine for Oral Suspension) after re- 
constitution provide 125 mg. and 250 mg. cephradine, respectively, 
per 5 ml. teaspoonful. Velosef for Injection (Sterile Cephradine for In- 
jection) is a sterile powder for reconstitution available in vials contain- 
ing 250 mg., 500 mg., or1 g. cephradine, and in bottles containing 2 g. 
or 4 g. cephradine. The preparations also contain 79 mg., 157 mg., 315 
mg., 630 mg., or 1.26 g. anhydrous sodium carbonate respectively. 
The sodium content is approximately 136 mg. (6 mEq.) per g. of 
cephradine. 


INDICATIONS: For the treatment of infections caused by susceptible 
strains of designated microorganisms as follows (injection for serious 
infections only): Respiratory Tract Infections due to K/ebsiella sp., H 
influenzae, Staphylococcus aureus, for injectable forms only and those 
due to Streptococcus pneumoniae (formerly D. pneumoniae), and 
group A beta-hemolytic streptococci for oral and injectable forms. 
[Penicillin is the usual drug of choice in the treatment and prevention of 
streptococcal infections, including the prophylaxis of rheumatic fever; 
Velosef (Cephradine, Squibb) is generally effective in the eradication 
of streptococci from the nasopharynx; substantial data establishing 
the efficacy of Velosef in the subsequent prevention of rheumatic fever 
are not available at present]; Otitis Media (oral forms only) due to group 
A beta-hemolytic streptococci, H. influenzae, staphylococci, and 
Streptococcus pneumoniae; Skin and Soft Tissue Infections due to S. 
aureus and those due to group A beta-hemolytic streptococci (injec- 
tion only); Urinary Tract Infections due to E. coli, Pr. mirabilis and Kleb- 
siella sp.; Septicemia (injection only) due to Streptococcus 
pneumoniae, S. aureus, Pr. mirabilis, and E. coli. 

Note: Culture and aaisceptibility tests should be initiated prior to and 
during cephradine therapy. Renal function studies should be per- 
formed when indicated. 


CONTRAINDICATIONS: In patients with known hypersensitivity to the 
cephalosporin group of antibiotics. 


WARNINGS: Use cephalosporin C derivatives with great caution in 
penicillin-sensitive patients since there is clinical and laboratory evi- 
dence of partial cross-allergenicity of the two groups of antibiotics; 
there are instances of reactions to both drugs (including fatal anaphy- 
laxis after parenteral use). x 

Use cautiously and only when absolutely necessary in persons who 
have demonstrated some form of allergy, particularly to drugs. Serious 
anaphylactoid reactions require immediate emergency treatment with 
epinephrine; administer oxygen, |.V. steroids, and airway management 
(including intubation) as indicated. 

Usage in Pregnancy and Lactation: Although no teratogenic Or 
anti-fertility effects were seen in reproduction studies in mice and rats 
receiving up to four times the maximum human dose, the safety for use 
in human pregnancy has not been established; weigh benefits in preg- 
nant women against possible risk to the fetus. Cephradine is secreted 
in breast milk during lactation. 


-- 
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Usage in Infants: Although Sterile Cephradine for Injection has 

been used effectively in infants, consider the benefits to risks ratio of 
the drug inthe treatment of premature infants or infants under one year 
of age since all laboratory parameters have not been extensively stud- 
led in this age group. 
PRECAUTIONS: To detect any side effects or unusual manifestations 
of drug idiosyncrasy, follow patients carefully. Discontinue drug and 
treat with the usual agents (e g., pressor amines, antihistamines or 
corticosteroids) if a hypersensitivity reaction occurs. 

Administer cephradine with caution in presence of impaired renal 
function. In known or suspected renal impairment, careful clinica! ob- 
servation and appropriate labcratory studies should be made prior to 
and during cephradine therapy since cephradine accumulates in the 
serum and tissues. Patients with impaired renal function require a mod- 
ified dosage schedule (see package inserts). 

Prolonged use of antibiotics may promote overgrowth of nonsuscep- 
tible organisms. Take appropriate measures should superinfection 
occur during therapy. 

After treatment with cephradine, a false positive reaction for glucose 
in the urine may occur with Benedict's solution, Fehling's solution, or 
with Clinitest® tablets, but not with enzyme-based tests such as 
Clinistix® and Tes-Tape®. As with other cephalosporins, positive direct 
Coombs tests have been reported infrequently. 

Velosef for Injection (Sterile Cephradine for Injection) is physically 
compatible with most commonly used |.V. fluids and electrolyte solu- 
tions (such as 5% Dextrose Injection, Sodium Chloride Injection, or M/6 
sodium lactate); however, it is not compatible with Lactated Ringer's 
Injection because of the incompatibility between calcium ions and the 
sodium carbonate in Sterile Cephradine for Injection. 

Indicated surgical procedures should be performed in conjunction 

with antibiotic therapy. 
ADVERSE REACTIONS: Untoward reactions are limited essentially to 
G.I. disturbances and to hypersensitivity phenomena. The latter are 
more likely to occur in persons who have previously demonstrated hy- 
persensitivity and those with a history of allergy, asthma, hay fever, or 
urticaria. 

The following adverse reactions have been reported following use of 
cephradine: G.lI. —glossitis, nausea, vomiting, diarrhea or loose stools, 
tenesmus, abdominal pain, heartburn. Skin and Hypersensitivity Reac- 
tions—mild urticaria or skin rash, edema, erythema, pruritus, joint 
pains, drug fever. Blood —mild, transient eosinophilia, leukopenia and 
neutropenia. Liver (oral forms)—transient mild rise of SGOT, SGPT, 
and total bilirubin with no evidence of hepatocellular damage. Liver 
(Injection) —elevated SGOT and SGPT have been observed in approx- 
imately 10% and 296. of patients respectively; elevated total bilirubin, 
alkaline phosphatase and LDH have been observed in a few cases; in 
most cases, values tended to return to normal after the end of therapy. 
Renal (oral forms)—Transitory rises in BUN have been observed in 
some patients treated with cephalosporins; their frequency increases 
in patients over 50 years old. In adults for whom serum creatinine deter- 
minations were performed, the rise in BUN was not accompanied by a 
rise in serum creatinine. Renal (Injection)—mild rises in BUN have 
been observed in some patients treated with cephalosporins; their fre- 
quency increases in patients over 50 years old and in children under 
three. In adults for whom serum creatinine determinations were per- 
formed, the rise in BUN was not accompanied by a rise in serum 
creatinine. Others —headache, dizziness, tightness in the chest, dys- 
pnea, paresthesia, candidal overgrowth, candidal vaginitis, hepa- 
tomegaly (isolated instances), and thrombophlebitis at injection site. 

Some patients experienced pain on I.M. injection. Administer Sterile 
Cephradine for Injection by deep I.M. injection since sterile abscesses 
have been reported following accidental subcutaneous injection 

For full prescribing information, consult package inserts. 

HOW SUPPLIED: 250 mg. and 500 mg. capsules in bottles of 24 and 
100 and Unimatic® single-dose packs of 100; 125 mg. and 250 mg. for 
oral suspension in bottles of 100 ml. Sterile Cephradine for Injection 
available for I.M. or I.V. use in vials containing 250 mg., 500 mg., or 1 g. 
cephradine, and for I.V. use in 100 ml. infusion bottles containing 2 g. or 
4 g. cephradine. 


UIBB ‘The Priceless Ingredient of every product 
e is the honor and integrity of its maker.''M 
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Pleur-evac Now there is a better way... 
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| Pneumonectomt 
 .—— Balanced Drainage Unit 


i CODE NO. A-4301 
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The Pleur-evac Balanced Drainage Unit affords these advantages following 
pneumonectomy: 


1) Maintains the mediastinum in a physiologically optimal position. 


2) Can effect satisfactory drainage in the presence of infection or 
contamination. 


3) Indwelling thoracotomy tubes permit frequent and painless instillation of 
- appropriate antibiotics. 


4) Permits prompt and often life-saving recognition of catastrophic bleeding. 
5) Does not impair the efficiency of the cough mechanism. 


6) May enable the avoidance of empyema by maintaining as dry a 
pneumonectomy space as possible. 


7) Eliminates the problems inherent in the use of the classic “3-Bottle” 
system, such as: 


e Severely limited postoperative ambulation. 
e Hazards of bottle breakage. 
e Danger of incorrect bottle setup. 


e Possibility of contralateral pneumothorax if 
intrapleural pressure is adjusted manometrically. a 


e Risks of detached tubing. 
PLEDGED TO 


N.B.: Subcutaneous emphysema may be caused by redundant CONTINUING RESEARCH 
loops with resultant increase in pressure. IN CHEST DRAINAGE 





For a demonstration at your hospital, contact your local representative or write: 


Division of Deknatel, Inc. 
p Queens Village, New York 11429 
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“Current abstracts. are amplified and illuminated by comments of the mem- 
bers of the Editorial Board, based on their own clinical experiences as well as 
those of other recognized authorities" . . . just one of the reasons why 
Lippincott's 


REVIEW OF 


SURGERY 


helps Resident (special rate only $13.00) and Veteran Surgeon alike to 
keep up with current progress, trends, and attitudes in all branches of 
surgery and the surgical specialties. 


A true saver of precious reading time—from its detailed Contents Pages to 
its meaty reviews, and abstracts especially classified for reader convenience— 
a typical issue includes: 


e Focus—several Reviews of timely or other 
special significance 
e An original Report of major importance 


e Twenty or more Abstracts with Commentary 
(and oft-times, rebuttal) 


e Residents Corner—comprising Brief (1 to 3-page) 
Reports and Investigations 


e In-depth Reviews of Current Books in Surgery 


TO PUT THE BIMONTHLY REVIEW OF SURGERY AT YOUR FINGERTIPS NOW, 


SUBSCRIBE TODAY ... 


J. B. LIPPINCOTT COMPANY, East Washington Square, Philadelphia, Pa. 19105 AS 10/76 


Please enter my subscription to REVIEW OF SURGERY for 1 year (6 issues), at 
o $17 (U.S.); r1 $21 (all other countries); Resident Rate |; $13 (U.S. only; also 
note "year" of residency and Specialty . /.. THEOCR . 


PLEASE PRINT [] Payment Enclosed. 





Name [] Charge my account. 





Address My Specialty is: 





City/State/Zip 
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Malnutrition and the 

critically ill. 

Over the past few years, 

there's been a growing "EE 
awareness ofthe prob- — 
lems of malnutrition as. EU 
they relate to the criti- — 
cally ill patient. In par- — . 
ticular, there's been — 
more recognition of the 
clinical manifestata Eo : 
protein calorie mal- — m 






to concurrent iln e Mv 
delayed wound healing, IH a E 
greater susceptibility to —  . 

infection and other 
plications, rise 00 
prolonged hospite 
tion. AN ich 





favorably affected by 
early recognition. and 
treatment, nutritionally. 

Malnutrition is fre- 
quently associated with 
a variety of different dis- 
ease states, suchas . 
severe cachexia, infec- 
tions or trauma, cancer, 
gastrointestinal tract 
disorders and others. 

In fact, the effects of 
.PCM have tremendous 
implications for patients 
in whom the alimentary 
tract cannot or should 
not be used. For patients 





whose gastrointestinal 
absorption of protein is 
impaired. In patients 
whose metabolic require- 
ments are substantially 
increased. Or in patients 
who will otherwise not 
eat. 

In those patients, 
hyperalimentation, or 
total parenteral nutrition, 
may be the therapy of 
choice in treating the 
effects of malnutrition. 

FreAmine has been 
successfully used in 
treating patients with 
many types of §astro- 
intestinal tract dysfunc- 
tion, including fistulae, 
chronic pancreatitis, 
malabsorption disorders, 
GI obstructions, and 
inflammatory bowel 
diseases such as Crohn's 
Disease, ulcerative 
colitis and regional" 
enteritis. 

In pediatric patients, 





success has been re- 
ported in treating the 
malnutrition often asso- 
ciated with intractable 
vomiting and diarrhea, 
congenital anomalies 
such as omphalocoele 
and gastroschisis, and 
other disorders such as 
necrotizing enterocolitis. 
In severe catabolic 
states where metabolic 
requirements are sub- 
stantially increased, as 
with burns, major trauma, 
peritonitis and other 
major infections, hyper- 
alimentation with 
FreAmine has been used 
successfully to satisfy 
these requirements. 


In cancer, hyperalimen- 


tation has been used to 
nutritionally replenish 
malnourished patients 





oru 


so that they may receive 
adequate oncologic 
therapy and better toler- 
ate certain deleterious 
side effects of radiation 
and chemotherapy. 

In these critically ill 
patients, and other cata- 
strophic clinical situa- 
tions, the reversal and 
prevention of starvation 
may accelerate wound- 
healing, enable fistulae 
to close, and lessen 
the devastating effects 
of severe infection and 
disease. 

The safe and effective 
use of hyperalimentation 
requires a knowledge of 
nutrition as well as clini- 
cal expertise in the rec- 
ognition and treatment 
of potential complica- 
tions. That's why we 
have developed a num- 
ber of audio-visual learn- 
ing aids as well as written 
educational materials. 

In hyperalimentation, 


we want you to know 
McGaw is there to help. 


McGaw. For the total 
parenteral nutrition of 
the critically ill. 

For FreAmine II and 
hyperalimentation infor- 
mation, or reprints of 
literature references, 
contact your McGaw 
representative or write 
us direct. 
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FreAmine" Il 

(Amino Acid Injection) 
BEFORE PRESCRIBING, SEE 
COMPLETE PRESCRIBING 
INFORMATION IN PACKAGE 
INSERT OR McGAW LITER- 
ATURE. THE FOLLOWING IS 
A BRIEF SUMMARY. 


Warning: Hyperalimentation 
therapy should be used 


only by those familiar with 
its administration and 
complications. 





Description: 
Each 100 ml. contains: 
FreAmine Il Amino Acid 
Mixture*...8.5 g. 
(Lysine Acetate and Cysteine * 
HCI * H20 added) 


Phosphoric Acid N.F. ...0.115 g. 


Sodium Bisulfite U.S.P.... 
less than 0.10 g. 
Water for Injection U.S.P....q.s. 


Approximate concentration of — 


amino acids (g/100 ml.): 

Essential Amino Acids: 
L-Isoleucine 0.59; L-Leucine 
0.77; L-Lysine Acetate 0.87 
(free base 0.62); Methionine 
0.45; L-Phenylalanine 0.48; 
L-Threonine 0.34; 
L-Tryptophan 0.13; 

L-Valine 0.56. 

Nonessential Amino Acids: 
L-Alanine 0.60; L-Arginine 
0.31; L-Histidine 0.24; 
L-Proline 0.95; L-Serine 0.50; 
Aminoacetic Acid (Glycine) 
1.7; L-Cysteine * HCI 
H20<0.02. 

FreAmine I! 8.5% provides, in 

concentrated form, a physio- 

logical ratio of biologically 
utilizable amino acids for 
protein synthesis. Used with 
concentrated carbohydrate 
solutions, e.g., 20 to 50% dex- 
trose solutions as the source of 
calories, and added electro- 
lytes, vitamins, and minerals, it 
provides, with the exception of 
essential fatty acids, total 
parenteral nutrition. 


Indications: As an adjunct in 


the prevention of nitrogen 
loss or in the treatment of nega- 


tive nitrogen balance in patients 


where: (1) the alimentary tract, 
by the oral, gastrostomy, or 
jejunostomy route, cannot or 
should not be used, (2) gastro- 
intestinal absorption of protein 
is impaired, or (3) metabolic 
requirements are substantially 
increased as with extensive 
burns. 


*Crystalline amino acid mix- 


ture, isolated and purified from 
natural sources or synthesized. 


vnm 


w 


S 


Contraindications: 
1. Anuria . 
2. Hepatic Coma 


Warnings: 

1. Safe, effective use of hyper- 
alimentation requires a knowl- 
edge of nutrition as well as 
clinical expertise in recognition 
and treatment of the complica- 
tions which can occur. ye 
FREQUENT CLINICAL EVALU- 
ATION AND LABORATORY 
DETERMINATIONS ARE 
NECESSARY FOR PROPER 
MONITORING OF HYPER- 
ALIMENTATION. Studies 
should include blood sugar, 
serum proteins, kidney and 
liver function tests, electro- 
lytes, hemogram, carbon diox- 
ide combining power, serum 
osmolarities, blood cultures 
and blood ammonia levels. 


2. Administration of amino 
acids or protein hydrolysates to 
a patient with hepatic insuffi- 
ciency may result in serum 
amino acid imbalances, pre- 
renal azotemia, and hyper- 
ammonemia. 


HYPERAMMONEMIA IS OF 
SPECIAL SIGNIFICANCE IN 
INFANTS. Its occurrence in 
the syndrome caused by gene- 
tic metabolic defects is some- 
times associated, although not 
necessarily in a causal relation- 
ship, with mental retardation. 
This reaction, when seen during 
hyperalimentation, appears to 
be dose-related and is more 
likely to develop during pro- 
longed therapy. It is essential 
that blood ammonia be meas- 
ured frequently in infants. 


Instances of typically asympto- 
matic hyperammonemia have 
been reported in patients with 
no overt liver dysfunction. The 
mechanisms of this reaction are 
not clearly defined but may in- 
volve genetic defects and im- 
mature or subclinically impaired 
liver function. 


Conservative doses of amino 
acids should be given, dictated 
by the nutritional status of the 
patient. Should symptoms of 
hyperammonemia develop, 
FreAmine administration 
should be discontinued and the 
patient's clinical status 
reevaluated. 


3. Administration of amino acids 
in the presence of impaired 
renal function may augment an 
increasing blood urea nitrogen. 


4. FreAmine has not been used 
in pregnant women; therefore, 


its safe-use in such patients has 
not been demonstrated. 
Precautions: 3 
1. It is essential to provide ade- 
quate calories concurrently if 
parenterally administered 
amino acids are to be retained 
by the body and utilized for 
protein synthesis. Concen- — 
trated dextrose solutions are a 
convenient and metabolically 
effective source of such 
calories. 

2. Strongly hypertonic nutrient 
solutions should be admini- 
stered through an indwelling 
intravenous catheter with the 
tip located in the superior vena 
cava. 


3. Care should be taken to 
avoid circulatory overload, par- 
ticularly in patients with cardiac 
insufficiency. 

4. Special care must be taken 
when giving hypertonic dex- 
trose to a diabetic or pre- 
diabetic patient. 


Special Precautions of 
Hyperalimentation: 
Hyperalimentation may be 
associated with complications 
which can be prevented or 
minimized by careful attention 
to all aspects of the procedure 
including solution preparation, 
administration and patient 
monitoring. /t is essential that 
a carefully prepared protocol, 
based on current medical prac- 
tices, be followed, preferably 
by an experienced team. 


Although a detailed discussion 
of the complications of hyper- 
alimentation is beyond the 
scope of this insert, the follow- 
ing summary lists those based 
on current literature: 


1. Technical: The placement of 
a central venous catheter 
should be regarded as a sur- 
gical procedure. One should be 
fully acquainted with various 
techniques of catheter inser- 
tion as well as recognition and 
treatment of complications. For 
details of techniques and place- 
ment sites, consult the medical 
literature. X-ray is the best 
means of verifying catheter 
placement. Complications 
known to occur from the place- 
ment of central venous cathe- 
ters are pneumothorax, hemo- 
thorax, hydrothorax, artery 
puncture and transection, injury 
to the brachial plexus, mal- 
position of the catheter, forma- 
tion of arterio-venous fistula, 
phlebitis, thrombosis, and air 


and catheter embolus. 


2. Septic: The constant risk of 
sepsis is present during total 
parenteral nutrition. Since con- 
taminated solutions and infu- 
sion catheters are potential 


sources of infection, it is imper- 


ative that the preparation of 
hyperalimentation solutions 
and the placement and care of 
catheters be accomplished 
under controlled aseptic 
conditions. 

Total parenteral nutrition solu- 
tions should ideally be prepared 
in the hospital pharmacy under 
a laminar flow hood (see Hyper- 
alimentation Kit Mixing Instruc- 
tions). The key factor in their 
preparation is careful aseptic 
technique to avoid inadvertent 
touch contamination during 
mixing of solutions and sub- 
sequent admixtures. Various 
studies have shown that hyper- 
alimentation solutions contain- 
ing casein or fibrin hydroly- 
sates are better microbial 
growth media than solutions 
containing FreAmine. 


Total parenteral nutrition solu- 
tions should be used promptly 
after mixing. Any storage 
should be under refrigeration 
and limited to a few days. 
Administration time for a single 
bottle and set should never 
exceed 24 hours. 


Consult the medical literature 
for a discussion of the manage- 
ment of sepsis during hyperali- 
mentation. In brief, typical 
management includes replac- 
ing the solution being admini- 
stered with a fresh container 
and set and culturing the con- 
tents for bacterial or fungal 
contamination. If sepsis per- 
sists, and another source of 
infection is not identified, the 
catheter is removed, the proxi- 
mal tip cultured, and a new 
catheter reinserted when the 
fever has subsided. Nonspe- 
cific, prophylactic antibiotic 
treatment is not recommended. 
Clinical experience indicates 
that the catheter is likely to be 
the prime source of infection 
as opposed to aseptically pre- 
pared and properly stored 
solutions. 


3. Metabolic: The following 
metabolic complications have 
been reported: metabolic 
acidosis, hypophosphatemia, 
alkalosis, hyperglycemia and 
glycosuria, osmotic diuresis 
and dehydration, rebound 
hypoglycemia, elevated liver 


enzymes, hypo and hyper- 
vitaminosis, electrolyte imbal- 


ances, hyperammonemia in 


children, and allergic manifes- 
tations if a protein hydrolysate 
is used: Frequent clinical evalu- 
ation and laboratory determina- 
tions are necessary, especially 
during the first few days of 
hyperalimentation, to prevent 
or minimize these compli- 
cations. 


Administration of glucose at a 
rate exceeding the patient's 
utilization rate may lead to 
hyperglycemia, coma, and 
death. 

Metabolic acidosis can be pre- 
vented or readily controlled by 
keeping the total chloride con- 
tent of the infusate at a mini- 
mum, and by adding a portion 
of the cations in the electrolyte 
mixture as acetate or lactate 
salts. (See Hyperalimentation 
Kit Mixing Instructions.) 
FreAmine I| contains negligible 
chloride. 

Hypophosphatemia typically is 
the result of inadvertent omis- 
sion of phosphate from the 
infusate; it is readily treated or 
prevented by the addition of 
inorganic phosphate. To pre- 
vent hypocalcemia, calcium 
supplementation should always 
accompany phosphate admini- 
stration. 


FreAmine II 8.5% contains ade- 
quate phosphate (20 mEq./1.) 
to maintain normal serum ` 
phosphorus levels in most pa- 
tients. Some patients, however, 
especially those with hypo- 
phosphatemia, may require 
additional phosphate. To assure 
adequate intake, serum levels 
should be monitored frequently. 


Adverse Reactions: See 
Warnings and Special Precau- 
tions of Hyperalimentation. 
Local reactions consisting of a 
warm sensation and erythema 
have been reported when 
FreAmine and hypertonic dex- 
trose were administered by 
peripheral vein. 

Caution: Federal (U.S.A.) 
Law prohibits dispensing 
without prescription. 


McGaw Laboratories 

Division of American Hospital 
Supply Corporation 

Irvine, California 92714 
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Torecan can help control nausea reactions which are associated 
and vomiting with dual action:* with the drug specifically and 

1) against circulating emetics phenothiazines generally.** 
(atthe CTZ) *As shown in animal studies; TVC — True 
2) against emetic Sig hts, emotions, Vomiting Center, CTZ — Chemoreceptor 


. Tri Zone. 
and organ insults (at the TVC) R 
**Please see brief summary on next page for 


detailed information concerning potential 


a It's not for sedative use. adverse reactions. 


a It's not intended as a 
tranquilizer. 
a It's not an antihistamine. 


s It's not intended for psychotic 
symptoms. 








In using Torecan, the physician 
should consider the adverse 


lorecan © > 


(thiethylperazine) 





To relieve nausea and vomiting associated 


with AED 
s postoperative recovery 
a radiation therapy 
» chemotherapy 
s acute situations 


(Contraindicated in pregnancy, severe CNS depression, 
comatose states and in patients who have demonstrated 


a hypersensitivity to phenothiazines.) 


Three dosage forms with the same 10 mg 
dosage strength: 


Tablets —10 mg (thiethylperazine maleate. NF) 





Suppositories — 10 mg (thiethylperazine maleate. NF) 





Injection—10 mg/2cc ampul (thiethylperazine malate. 


NF) for IM use only. 








(thiethylperazine) 


— Boehringer Ingelheim 


Boehringer Ingelheim Ltd. 
Elmsford, New York 10523 


Torecan 


Torecan® (thiethylperazine)  * 

Tablets, Suppositories and Injection 
Contraindications: Severe CNS depression, 
comatose states, and in patients who have 
demonstrated a hypersensitivity to phenothiazines 
(e.9.. blood dyscrasias, jaundice). Because 
severe hypotension has been reported after the 
intravenous administration of phenothiazines, this 
route of administration is contraindicated. The 
drug is contraindicated in pregnancy 

Warnings: Phenothiazines are capable of 
potentiating CNS depressants as well as atropine 
and phosphorous insecticides. The drug may 
impair mental and/or physical ability required in 
the performance of potentially hazardous tasks 
Such as driving a car or operating machinery. 
Postoperative Nausea and Vomiting: When used 
to control postoperative nausea and vomiting in 
patients undergoing elective surgical procedures, 
restlessness and postoperative CNS depression 
during anesthesia recovery may occur. Possible 
postoperative complications of a severe degree of 
any of the known reactions of this class of drug 
must be considered. Postural hypotension may 
occur after an initial injection, rarely with the 

tablet or suppository. Do not use with epinephrine 
in the treatment of drug-induced hypotension as 
phenothiazines may induce a reversed epinephrine 
effect. The most suitable vasoconstrictor agents 
are levarterenol and phenylephrine. The use of 
Torecan has not been studied following intra- 
Cardiac and intracranial surgery. Not recom- 
mended for use in children under 12 years of age, 
or in nursing mothers since safety and efficacy 
have not been established. 

Precautions: Convulsions and abnormal move- 
ments such as extrapyramidal symptoms have 
occurred. The vaned extrapyramidal symptom 
complex is more likely to occur in young adults 
and children. Extrapyramidal effects must be 
treated by reduction of dosage or cessation of 
medication. For treatment of nausea and/or 
vomiting associated with anesthesia and surgery, 
the drug should be administered by deep intra- 
muscular injection at or shortly before the 
termination of anesthesia 

Adverse Reactions: CNS: convulsions. extra- 
pyramidal symptoms such as dystonia, torticollis, 
oculogyric crisis, akathisia and gait disturbances, 
occasional cases of dizziness, headache. fever 
and restlessness have been reported 

Drowsiness may occur initially On injection but is 
usually alleviated by a reduction in dosage. 
Dryness of the mouth and nose, blurred vision, 
tinnitus; sialorrhea and altered gustatory sensa- 
tion. Peripheral edema of the arms, hands and 
face. Cholestatic jaundice; cerebral vascular 
spasm and trigeminal neuralgia have been 
reported occasionally. The following have occurred 
with phenothiazine derivatives and should be 
considered: agranulocytosis, leukopenia, 
thrombocytopenia, aplastic anemia, pancytopenia, 
eosinophilia, leukocytosis; miosis, obstipation, 
anorexia, paralytic ileus; erythema, exfoliative 
dermatitis and contact dermatitis: jaundice, biliary 
stasis. Hypotension, rarely leading to cardiac 
arrest; ECG changes. Akathisia, agitation, motor 
restlessness, dystonic reactions, trismus. torti- 
collis, opisthotonos, oculogyric crises, tremor. 
muscular rigidity, akinesia, some of which have 
persisted for several months or years especially 
in patients of advanced age with brain damage. 
Menstrual irregularities, altered libido. gyneco- 
mastia, weight gain; false positive pregnancy 
tests. Urinary retention, incontinence; fever. 
laryngeal edema and angioneurotic edema, asthma 
Hyperpyrexia, behavioral effects suggestive of a 
paradoxical reaction, including excitement, bizarre 
dreams, aggravation of psychoses and toxic 
confusional states. ECG changes. While there is 
no evidence that ECG changes are in any way 
precursors of any significant disturbance of 
cardiac rhythm, sudden and unexpected deaths 
apparently due to cardiac arrest have been 
reported in a few instances in hospitalized ' 
psychotic patients previously showing character- 
istic ECG changes. A peculiar skin-eye syndrome, 
which is marked by progressive pigmentation of 
areas of the skin or conjunctiva and/or accom- 
panied by discoloration of the exposed sclera and 
cornea, has also been recognized as a side effect 
following long-term treatment. Opacities of the 
anterior lens and cornea described as irregular or 
stellate in shape nave also been reported 

Drug Interactions: Phenothiazines are capable of 
potentiating CNS depressants (e.g., anesthetics, 
opiates, alcohol, etc.) as well as atropine and 


phosphorous insecticides. The drug may induce a r 
reversed epinephrine effect on occasion 

For complete details, please see full prescribing e 
information. P 


Introducing Stomagard' 
Ostomy Rings, Bags and Adhesive Square 
in Crixiline 


New space-age pearlescent seal with new holding strength... 
fits better, holds better, lasts longer than karaya. 
Proved in laboratory testing and in use by ostomates. 


Inorganic: will 
not support bac- 
terial growth. 
Unique, patented 
gasket design: 
protective outer 
ridge prevents 
ring fromslipping 
or creeping. 


Fits securely 
over scarred tis- 
sue or bulges: 
Squares conform 
to uneven, bulgy 
surfaces, fit 
snugly without 
stripping or 
building up ad- 
hesive surface. 


More “moldable; 
more durable 
than karaya... 
Stomagard ' 
Ostomy Rings in 
Crixiline* can be 
easily stretched 
over a "'mush- 
room” stoma and 
will quickly re- 
cover their orig- 
inal size to fit 
snugly and com- 
fortably around 
the stoma. 


Prevent embar- 
rassing accidents 
or excoriated 
skin because 
they sealsecurely 
through perspir- 
ing or contact 
with liquid secre- 
tions...resist 
disintegration 11% 
to two times 
longer than 
karaya. Odor and 
rustle-proof bag. 


Exclusive, patented 
reinforced design: 
Intricate interior 
webbing gives 
stronger, more 
flexible sticking 
power. Holds 
firmer than 

pectin. Need no 
additional adhe- 
sive discs be- 
cause they are 
adhesive on 

both sides. 


For further information, or a trial supply of q 
Stomagard” Products to evaluate with your ostomy 
patients, call or write: 


® ; 
Donal 
Laboratories 
Inc. 


(314) 878-0150 
St. Louis, Missouri 63043 


A subsidiary of the Diamond Shamrock Corporation 





Determining the need 
is the first priority 

It usually takes a combination of 
observations. What condition is 
causing the pain? How severe is 
the pain in your opinion? What is 
your patient’s perception of the 
pain’s severity? When moderate 
to moderately severe pain is a 
consideration, a narcotic 
analgesic may be needed. 








Minimizing the 
potential risk 

When the administration of 
medication is closely controlle 
such as in the hospital, you ca 
feel confident that the risk is 
minimized. The same confider 
can be extended to office prac 
by prescribing limited quantiti. 
for selected patients. 
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Considering 

Jlosage carefully — 

a key to contro 

Further control is obtained 

through short-term 

administration. The Schedule Il 

classification of PERCODAN*— 

absence of refill authorization and 

telephone prescriptions—helps 

you realize this objective. Your 

patient with continuing pain must 

return, thus enabling you to 
valuate the cause and determine 
rther analgesic requirements. 









Therapeutic 
consideration— 


a rapid-acting oral 
narcotic analgesic 


The patient who comes into your 
office complaining of severe pain 
may require an injectable narcotic 
analgesic. But when your patient 
leaves the office, you want to give 
the oral agent that comes closest 
to an injectable in potency and 
onset of action. PERCODAN* 
provides the kind of effective, 
rapid pain relief you want in an 
oral narcotic analgesic because 
oxycodone, its principal 
ingredient, is rapidly absorbed 
and has a favorable oral to 
parenteral ratio. 


Therapeutic 
consideration — 
adequate pain relief 
with a minimum 
number of doses 

With PERCODAN"' you'll rarely 
get requests for dosage 
escalation. That's because your 
patient usually gets effective pain 
relief that can last up to six 

hours. ..so he/she isn’t faced with 
disappearing drug effects before 
it's time for the next tablet. 
However, should the need arise, 
dosage can be adjusted according 
to the severity of the pain and the 
response of the patient. 


PERCODAN 


Each yellow, scored tablet contains: 4.50 mg oxycodone HCI 
(WARNING: May be habit forming), 0.38 mg oxycodone © 
terephthalate (WARNING: May be habit forming), 224 mg 


^ 


aspirin, 160 mg phenacetin, 32 mg caffeine. 


xe 


Effective relief 
of moderate to 
moderately 
severe pain 


Inc. 
Manati, Puerto Rico 00701 
Subsidiary of E.I. du Pont de Nemours & Co. (Inc.) 


PERCODANY" is a registered trademark of Endo Inc. 


Please see summary of product information 
at end of this advertisement. ‘ : 


07] Quick Reference To 
For effective relief of Surgical Emergencies 


moderate to moderately severe pain 
CONSIDER... 5 


Á — Edited by Gerald W. Shaftan, M.D. 
Percodan © Brief Summary and Bernard Gardner, M.D. 


DESCRIPTION Each yellow, scored tablet contains 4.50 mg. oxycodone HC! (WARN- 
ING: May be habit forming), 0.38 mg. oxycodone terephthalate (WARNING: May be 
habit forming), 224 mg. aspirin, 160 mg. phenacetin, and 32 mg. caffeine 


INDICATIONS For the relief of moderate to moderately severe pain. This new manual, packed with clinical data in 
CONTRAINDICATIONS Hypersensitivity to oxycodone, aspirin, phenacetin or caffeine. easy-to-use outline form, is designed for instant 
WARNINGS Drug Dependence Oxycodone can produce drug dependence of the - à . - 

morphine type and, therefore, has the potential for being abused. Psychic depen- use In helping you evaluate the surgical emergen- 
ence, physical dependence and tolerance may develop upon repeated administration cy, make the diagnosis and carry out the indi- 
of PERCODAN*, and it should be prescribed and administered with the same degree of 

caution appropriate to the use of other oral narcotic-containing medications. Like other cated treatment. 

narcotic-containing medications, PERCODAN® is subject to the Federal Controlled un ] i ] 
Substances Act. Divided into two broad categories of traumatic 
Usage in ambulatory patients Oxycodone may impair the mental and/or physical abili- K . e . . 

ties required for the performance of potentially hazardous tasks such as driving a car and non-traumatıc surgical emergencies the book 
or operating machinery. The patient using PERCODAN® should be cautioned systematically covers: Techniques of evaluating 
accordingly. à ; : : . à 
interaction with other central nervous system depressants Patients receiving other the patient and applying diagnostic criteria . 
narcotic analgesics, general anesthetics, phenothiazines, other tranquilizers, Radi lo ic roc r th nece 

sedative-hypnotics or other CNS depressants (including alcohol) concomitantly with eae 7 p cedu “> ah A s PEATE 
PERCODAN® may exhibit an additive CNS depression. When such combined therapy is Anesthesia considerations . . . Fluid and electro- 


contemplated, the dose of one or both agents should be reduced. 


Usage in pregnancy Safe use in pregnancy has not been established relative to possi- 


ble adverse effects on fetal development. Therefore, PERCODAN® should not be used : . . : ° 
in pregnant women unless, in the judgment of the physician, the potential benefits The patient evaluating techniques, diagnostic 


outweigh the possible hazards. steps and surgical treatment are presented step- 


Usage in children PERCODAN® should not be administered to children b t ei b rudividusl t b d£ 
Salicylates should be used with caution in the presence of peptic ulcer or coagulation pP WEIL TRUE EETA SE EE 


lyte replacement. 


abnormalities. simplicity. 

PRECAUTIONS Head injury and increased intracranial pressure The respiratory f . : . i 
depressant effects of narcotics and their capacity to elevate cerebrospinal fluid pres- Subject matter includes emergencies occurring in 
sure may be markedly exaggerated in the presence of head injury, other intracranial h f l h di l . 
lesions or a pre-existing increase in intracranial pressure. Furthermore, narcotics the areas of general, orthopaedic, neurologic, 
produce adverse reactions which may obscure the clinical course of patients with head ophthalmic thoracic plastic urologic head and 
injuries. : May ? d 

Acute abdominal conditions The administration of PERCODAN* or other narcotics neck, and pediatric surgery. 

may obscure the diagnosis or clinical course in patients with acute abdominal . i ] 

conditions. All who are involved in surgical emergency 
Special risk patients PERCODAN® should be given with caution to certain patients : : : X T : = 
such as the elderly or debilitated, and those with severe impairment of hepatic or renal eaten will appreciate this CRSy-tO-USe, nme 
function, hypothyroidism, Addison's disease, and prostatic hypertrophy or urethral saving manual. 

stricture. 

Phfenacetin has been reported to damage the kidneys when taken in excessive amounts 664 Pages e 50 Illustrations e 1974 
for a long time. Flexible Binding e $23.75 


ADVERSE REACTIONS The most frequently observed adverse reactions include light- 
headedness, dizziness, sedation, nause#and vomiting. These effects seem to he more 
prominent in ambulatory than in nonambulatory patients, and some of these adverse 
reactions may be alleviated if the patient lies down. e e 
Other adverse reactions include euphoria, dysphoria, constipation and pruritus. Li incott 
DOSAGE AND ADMINISTRATION Dosage should be adjusted according to the severity 


of the pain and the response of the patient. 


DRUG INTERACTIONS The CNS depressant effects of PERCODAN* may be additive J. B. Lippincott Company 
with that of other CNS depressants. See WARNINGS. East Washington Square e Phila., Pa. 19105 
DEA Order Form Required. 
. | Please send me: 
PERCODAN?® is a registered trademark of Endo 2 O QUICK REFERENCE TO 
- SURGICAL EMERGENCIES 


€ndo Inc. Name 


Manati, Puerto Rico 00701 
Subsidiary of E.!. du Pont de Nemours & Co. (Inc.) Address 


co A —— I ——  — 


* O Payment enclosed O Charge and bill me 


Also available at your medical bookstore. AS 10/76 


> 








«we shall fight on the seas and 
oceans...in the air...on the beaches... 
in the field and in the streets... 

we shall fight on the hills... 


For the prevention and treatment of the nausea, 
Supposicones' vomiting or vertigo of motion sickness. 


— edi rae n Warning: Caution should be used when Dramamine is given in conjunction with certain- 

ee TOE Tann ONG SY. USO antibiotics which may cause ototoxicity, since Dramamine is capable of masking ototoxic 

Liquid symptoms and an irreversible state may be reached. 

Tablets Precautions and Adverse Reactions: Drowsiness may be experienced by some patients, 
especially on high dosage, although this action frequently is not undesirable in some con- 
ditions for which the drug is used. However, because of possible drowsiness patients taking 
Dramamine should be cautioned against operating automobiles or dangerous machinery. 
How Supplied: Scored yellow tablets of 50 mg. each; bottles of 100, 1,000 and 2,500, 
packets of 12 tablets, and boxes of 10 cartons, each carton containing 100 unit-dose 
individually blister-sealed tablets. 

Liquid, 12.5 mg. of dimenhydrinate per 4 ml.; bottles of 16 oz. 

Supposicones* of 100 mg.; boxes of 12 and twelve boxes of 12. 

Ampuls, constricted, 1 ml. (50 mg.); cartons of 5, 25, and 100. 

Vials, rubber-capped, serum type, 5 ml. (250 mg.); cartons of 5, 25, and 100. 


SEARLE | Searle Laboratories 
Division of G. D. Searle & Co. 
Box 5110, Chicago, Illinois 60680 











- |» A OLYMPUS 
. Offers you a choice of best sellers 
for upper GI diagnosis and surgery. 
GIF-P2 


New thin flexible fiberscopeg 










GIF-D3 


Newest standard, 
end viewing scope. ae 






a ai 








The only oblique 
viewing upper GI scope. 


d Don't settle for any features except those 
which satisfy your own requirements. Write 


OLYMPUS 


M.I.D., 2 Nevada Drive, 
New Hyde Park, New York 11040 
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THE CODEINE 
TRANSITION 


from injectable 
to oral analgesia 


As a rule only pain that requires 
morphine is beyond the scope of 
EmpirinCompound with CodeineNo.4 
That's because it delivers a full 

grain of codeine. (In the preferred 
phosphate form.) 


There are other good reasons to make 
No. 4 the oral sequel to injectable 
analgesia in your patients. Major 
among them is the low addiction 
liability of codeine. 


There are other bonuses: Ù! pre- 
scribing convenience. Up to 5 refills 
in 6 months at your discretion (unless 
restricted by state law). Telephone 
prescribing in most states. 
EmpirinCompound with Codeine No.4. 
3 The codeine transition from — and to + 
NE. injectable analgesia. 


-* And the transition from hospital to 
* 4. home: Empirin Compound with 

+A (,Codeine No. 3, containing 32.4 mg 
(15 gr) codeine phosphate? 


Burroughs Wellcome Cy 
Research Triangle Park 
X North Carolina 27709 


NO.4 








Mant a MM o 


, COMPOUNL 
ac oan 


codeine TL» (64.8 mg) gr ` 


Each tablet also contains: aspirin gr 34, phenacet 
gr 24, caffeine gr Y 


*Warning — may be habifdrming: | 
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